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Section 3. 256K DRAMs 

pPD Organization Features 

41256 256K x 1 Page; NMOS 3a 
41464 64K x 4 Page; NMOS 3b 
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Section 4. 1M DRAMs 


pPD Organization Features : 
421000 1Mx 1 Fast-page (See App Note 53.) NE ae a - a 
424256 256K x 4 Fast-page oN . 4b 


Section 5. 4M DRAMs (4M x 1 and 1M x 4) 


pPD _ Organization _Features 

424100 4M x 1 Fast-page 5a 
424100A 4M x 1 Fast-page ; 

424100L 4M x 1 Fast-page; 3.3-volt 

4284100A 4M x 1 Fast-page; self-refresh 

42S4100L 4M x 1 Fast-page; self-refresh; 3.3-volt 
424101 4M x 1 Nibble ' Bb 
424102 4M x 1 Static-column a 5c 
424400 iMx4 Fast-page ns “s &ten5d 
424400A iMx4 Fast-page 

424400L iMx4 Fast-page; 3.3-volt 

4284400A 1Mx 4 Fast-page; self-refresh © 

4284400L 1M x 4 Fast-page; self-refresh;.3.3-volt 

424402 1Mx 4 Static-column — 5 a . _ ' Be 
424410 1Mx4 Fast-page; write-per-bit ey eH 5f 
424412 iMx4 Static-column; write-per-bit fos Boy el . 59g 
424440 1Mx4 Fast-page; 4 CAS Sh 
424440. __ 1Mx 4 Fast-page; 4 CAS; 3.3-volt oi 
4284440 1Mx4 Fast-page; 4 CAS: self-refresh 


4284440L IMx 4 Fast-page; 4 CAS; self-refresh; 3.3-volt 
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Volume 1 (cont) 
Section 6. 4M DRAMs (512K x 8/9) 
»PD Organization Features 
424800A 512K x 8 Fast-page 6a 
424800L 512K x 8 Fast-page; 3.3-volt 
42S4800A 512K x 8 Fast-page; self-refresh 
42S54800L 512K x 8 Fast-page; self-refresh; 3.3-volt 
424810A 512K x 8 Fast-page; write-per-bit 6b 
424810L 512K x 8 Fast-page; write-per-bit; 3.3-volt 
42S84810A 512K x 8 Fast-page; write-per-bit; self-refresh 
42S4810L 512K x 8 Fast-page; write-per-bit; self-refresh; 3.3-volt 
424900A 512K x 9 Fast-page 6c 
424900L 512K x 9 Fast-page; 3.3-volt 
42S4900A 512K x 9 Fast-page; self-refresh 
42S4900L 512K x 9 Fast-page; self-refresh; 3.3-volt 
Section 7. 4M DRAMs (256K x 16/18) 
pPD Organization Features 
424170A 256K x 16 Fast-page; 2 WE; 1K refresh 7a 
424170L 256K x 16 Fast-page; 2 WE; 1K refresh; 3.3-volt 
4284170A 256K x 16 Fast-page; 2 WE; 1K refresh; self-refresh 
42S84170L 256K x 16 Fast-page; 2 WE; 1K refresh; self-refresh; 3.3-volt 
424190A 256K x 18 Fast-page; 2 WE; 1K refresh 7b 
424190L 256K x 18 Fast-page; 2 WE; 1K refresh; 3.3-volt 
42S84190A 256K x 18 Fast-page; 2 WE; 1K refresh; self-refresh 
42S4190L 256K x 18 Fast-page; 2 WE; 1K refresh; self-refresh; 3.3-volt 
424260A 256K x 16 Fast-page; 2 CAS; 512 refresh 7c 
424260L 256K x 16 Fast-page; 2 CAS; 512 refresh; 3.3-volt 
42S4260A 256K x 16 Fast-page; 2 CAS; 512 refresh; self-refresh 
42S4260L 256K x 16 Fast-page; 2 CAS; 512 refresh; self-refresh; 3.3-volt 
424263A 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit 7d 
424263L 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; 3.3- 

volt 
4284263A 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; self- 
refresh 

4284263L 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; self- 


refresh; 3.3-volt 





Contents. NEC 


Volume 1 (cont) 


Section 7. 4M DRAMs (256K x 16/18) (cont) 


uPD Organization Features 

424280A 256K x 18 Fast-page; 2 CAS; 512 refresh 7e 
424280L 256K x 18 Fast-page; 2 CAS; 512 refresh; 3.3-volt 

42S4280A 256K x 18 Fast-page; 2 CAS; 512 refresh; self-refresh 

4284280L. 256K x 18 Fast-page; 2 CAS; 512 refresh; self-refresh; 3.3-volt 


Section 8. 16M DRAMs 


»PD Organization Features. 

4216100 16Mxi Fast-page; 4K refresh . 8a 
4217100 16M x 1 Fast-page; 2K refresh 

4216101 16M x 1 Nibble; 4K refresh 8b 
4217101 16M x 14 Nibble; 2K refresh 

4216102 16M x 1 Static-column; 4K refresh 8c 
4217102 16M x 14 Static-column; 2K refresh 

4216400 4M x 4 Fast-page; 4K refresh 8d 
4217400 4M x 4 Fast-page; 2K refresh 

4216402 4M x 4 -  Static-column; 4K refresh 8e 
4217402 4M x 4 Static-column; 2K refresh 

4216410 4M x 4 Fast-page; 4K refresh; write-per-bit 8f 
4217410 4M x 4 Fast-page; 2K refresh; write-per-bit 

4216412 4M x 4 Static-column; 4K refresh; write-per-bit 8g 
4217412 4M x 4 Static-column; 2K refresh; write-per-bit 

4216800 2M x 8 Fast-page; 4K refresh 8h 
4216800L 2M x 8 Fast-page; 4K refresh; 3.3-volt 

42516800 2M x 8 Fast-page; 4K refresh; self-refresh 

42516800L. 2M x 8 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217800 2M x 8 Fast-page; 2K refresh 

4217800L 2M x 8 Fast-page; 2K refresh; 3.3-volt 

42517800 2M x 8 Fast-page; 2K refresh; self-refresh 

42S17800L 2Mx 8 - Fast-page; 2K refresh; self-refresh; 3.3-volt 

4216802 2M x 8 Static-column 8i 
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Section 8. 16M DRAMs (cont) 


»PD Organization Features 

4216900 2M x 9 Fast-page; 4K refresh 8 
4216900L 2M x9 Fast-page; 4K refresh; 3.3-volt 

42816900 2M x 9 Fast-page; 4K refresh; self-refresh 

42S16900L 2M x 9 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217900 2M x9 Fast-page; 2K refresh 

4217900L 2M x 9 Fast-page; 2K refresh; 3.3-volt 

42817900 2M x 9 Fast-page; 2K refresh; self-refresh 

42S817900L 2M x 9 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4216902 2M x 9 Static-column ‘8k 
4216160 1M x 16 Fast-page; 4K refresh 8l 
4216160L 1M x 16 Fast-page; 4K refresh; 3.3-volt 

42516160 1M x 16 Fast-page; 4K refresh; self-refresh 

42816160L 1M x 16 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217160 1M x 16 Fast-page; 2K refresh 

4217160L 1M x 16 Fast-page; 2K refresh; 3.3-volt 

42817160 1M x 16 Fast-page; 2K refresh; self-refresh 

42817160L 1M x 16 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4218160 1M x 16 Fast-page; 1K refresh 

4218160L 1M x 16 Fast-page; 1K refresh; 3.3-volt 

42518160 1M x 16 Fast-page; 1K refresh; self-refresh 

42S18160L iM x 16 Fast-page; 1K refresh; self-refresh; 3.3-volt 

4216180 1M x 18 Fast-page; 4K refresh 8m 
4216180L 1M x 18 Fast-page; 4K refresh; 3.3-volt 

42816180 1M x 18 Fast-page; 4K refresh; self-refresh 

42S16180L 1M x 18 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217180 1M x 18 Fast-page; 2K refresh 

4217180L 1M x 18 Fast-page; 2K refresh; 3.3-volt 

42817180 1M x 18 Fast-page; 2K refresh; self-refresh 

42817180L 1M x 18 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4218180 1M x 18 Fast-page; 1K refresh 

4218180L 1M x 18 Fast-page; 1K refresh; 3.3-volt 

42518180 1M x 18 Fast-page; 1K refresh; self-refresh 

42818180L 1M x 18 Fast-page; 1K refresh; self-refresh; 3.3-volt 
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Section 9. DRAM Modules (256K/512K x n) 


MC 
-42256AB8 
-42256AB9 
-42256A32 
-42256A36 
-42256AA40 
-42512A32 
-42512A36 


-42512AA40, 
-42512AB40 


Organization 


256K x 8 

256K x 9 

256K x 32 
256K x 36 
256K x 40 
512K x 32 
512K x 36 
512K x 40 


Features 

Fast-page 
Fast-page 
Fast-page 
Fast-page 


. Fast-page 
Fast-page - 
Fast-page | 


Fast-page 


Section 10. DRAM Modules (1M/2M x n) 


MC 
-421000A8 
-421000A9 
-421000A32 
-421000A36 


-421000AA40, 
-421000AB40 


-422000A32 
-422000A36 
-422000AA40 


Organization 


iIMx8 
iMx9 
1M x 32 
1M x 36 
1M x 40 


2M x 32 
2M x 36 


_ 2Mx 40 


Features 

Fast-page 
Fast-page 
Fast-page 
Fast-page 
Fast-page 


Fast-page 
Fast-page 
Fast-page 
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9b 
9c 
9d 
9e 

Of 
9g 
Qh 


40a 
40b 
10c 
40d 
40e 


10f 
10g 
10h 


NEC 





Contents 

Volume 1 (cont) 
Section 11. DRAM Modules (4M/8M x n) 
MC Organization Features 
-424000A8 4M x 8 Fast-page tla 
-424000A9 4M x 9 Fast-page Jib 
-424000A32 4M x 32 Fast-page tic 
-424000A36 4M x 36 Fast-page 11d 
-428000A32 8M x 32 Fast-page ite 
-428000A36 8M x 36 Fast-page Tif 
Section 12. Video RAMs (See App Notes 89-15, 89-16, 90-01.) 
uPD Organization Features 
41264 64K x 4 Page; NMOS 12a 
42264 64K x 4 Page; CMOS 12b 
42273 256K x 4 12c 
42274 256K x 4 Flash-write 12d 
42274-80 256K x 4 Flash-write; high-performance 12e 
42275 128K x 8 12f 
482234 256K x 8 Fast-page 12g 
482235 256K x 8 Hyper-page (extended data out) 
Section 13. Synchronous DRAM 
pPD Organization Features 
42116420 4M x 4 3.3-volt 13a 
42116820 2M x 8 3.3-volt 
42116920 2M x 9 3.3-volt 
42116162 1M x 16 3.3-volt 
42116182 1M x 18 3.3-volt 
Section 14. Rambus DRAM 
pPD Organization Features 
488130 2M x 8 3.3-volt i4a 
488170 2M x 9 3.3-volt 
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Section 15. Application Notes 

App Note 53 uPD421000/421001/421002 1-Megabit Dynamic RAMs 15a 
App Note 89-15 Computer Graphics Overview 15b 
App Note 89-16 Frame Buffer Architecture 15c 
App Note 90-01 Realism in Computer Graphics 15d 


Section 16. Package Drawings 


Device/Package Cross-Reference 1 
Package Drawings (in order by number of pins) 16 
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Volume 2 


Section 17. General Information 
Upcoming Products 

Manufacturing in Roseville, California 
Device Numbering Guide 

Quick Reference Guide 


Section 18. Application Specific Devices (See App Notes 54 thru 58, 90-03, 90-06.) 


pPD Description 

42101 910 x 8-bit line buffer for NTSC TV 

42102 1134 x 8-bit line buffer for PAL TV 

42270 263 lines of 910 x 4 bits NTSC field buffer 
42271 Picture-in-picture generator 

42272 Picture-in-picture generator with color border 
42280 256K x 8-bit field buffer 

42505 5048 x 8-bit line buffer for communications systems 
485505 5048 x 8-bit line buffer 

485506 5048 x 16 line buffer 

42532 32K x 8 bidirectional data buffer 

42601 1M x 1 silicon file — 

42641 4M x 1 silicon file 

42644 1M x 4 silicon file 

481440 256K x 16 graphics DRAM; hyper-page 
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18a 
18b 
18c 
18d 


18e 
18f 
18g 
18h 
18i 
18j 
18k 
18! 
18m 
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Section 19. Fast Static RAMs (64K) 





p»PD Organization Features 

4361B 64K x 1 12-ns ioe | 19a 
4362B — 16Kx4 12-ns < - 49b 
4363B 16K x 4 12-ns; Output enable are 19¢ 
4368 BKx8 15-ns; Output enable, two chip enables 19d 
4369;  .8Kx 9  45-ns; Output enable, two chip enables 19e 


Section 20. Fast Static RAMs (256K) 





pPD Organization Features 

43251B 256K x 1 .  4$5-ns . 20a 
43253B 64K x 4 15-ns; Output enable 20b 
43254B 64Kx4 1-ns | 200 
43258A 32K x 8 - 15-ns; Output enable 20d 


43259A - BKxQ—. | 15-ns; Output enable | - 20e 


Section 21. Fast Static RAMs (1M) 


pPD Organization . #3 i 
431001 1M x 1 . 20-ns_ 4 48 . | 21a 
431004 256K x 4 20-ns 21b 
431008 . 128K x 8 15-ns; Output enable 21c 
431009 128K x 9 15-ns; Output enable ~ . 21d 
431016 . 64K x 16 15-ns; Output enable . . — 2tle 
431018 64K x 18 15-ns; Output enable 2tf 


Section 22. Fast Static RAMs (4M) 


p»PD Organization 

434001 4M x 1 20-ns 22a 
434004 1M x 4 20-ns; Output enable 22b 
434008 512K x 8 20-ns; Output enable 22c 


Section 23. Cache Data RAMs 


pPD Organization Features 
46710A 16K x 10 bit x 2 Cache data; 12-ns 23a 
46741A 8K x 20 bit x 2 Cache data; 12-ns 23b 
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Section 24. Standard Static RAMs (See App Notes 50, 90-04.) 


pPD Organization 

43256A 32K x 8 85-ns; Output enable 24a 
43256B 32K x 8 55-ns; Output enable 24b 
431000A 128K x 8 70-ns; Output enable, two chip enables . 24c 
434000 512K x 8 55-ns; Output enable 24d 
MC-434000 512K x 8 Module; 85-ns; Output enable 24e 


Section 25. ECL RAMs (10K Interface) 


pPB Organization | Features 

10422 256 x 4 . Fns _ 25a 
10470 *aKx 1 10-ns ’ 25b 
10474 1Kx 4 8-ns 25c 
10474A 1Kx 4 5-ns 25d 
10474E 1Kx 4 3-ns 25e 
10476LL 1Kx 4 cs 6-ns 25f 
10480 16K x 1 10-ns 259 
10484 4K x 4 — 40-ns | 25h 
10484A 4K x 4 ‘ 5-ns . . Bi 
10A484 4K x 4 5-ns 25) 


pPD10500 256K x 1 15-ns; BiCMOS a 25k 


Section 26. ECL RAMs (100K Interface) 


pPB Organization Features 

100422 256 x 4 7-ns 26a 
100470 4K x 1 10-ns 26b 
100474 1Kx 4 4.5-ns 26c 
100474A 1Kx 4 5-ns 26d 
100474E 1Kx 4 3-ns 26e 
100476LL 1Kx 4 6-ns 26f 
100480 16K x 1 10-ns 26g 
100484 4K x 4 10-ns 26h 
100484A 4K x 4 5-ns 26i 
100A484 4Kx 4 5-ns 26) 
uPD100500 256K x 1 15-ns; BICMOS 26k 
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Section 27. EEPROMs 
pPD 

28004 

28005 

28064 

28C 256 


Volume 2 (cont) 


Organization 
512x 8 

512x 8 

8K x 8 

32K x 8 


Section 28. Application Notes 


App Note 90-03 
App Note 54 
App Note 55 
App Note 57 
App Note 58 


App Note 56 
App Note 90-06 
App Note 90-02 
App Note 50 
App Note 90-04 


Memory Systems Overview 

UPD42505 Line Buffer for Communications Systems 
uUPD42101/42102 High-Speed Line Buffers . 
pPD42101/42102/42505 High-Speed Line Buffers 


Interlaced to Noninterlaced Scan Conversion Using the 
UPD42101 High-Speed Line Buffer 


uUPD42601 Silicon File 


_ Silicon File System Architecture 


High-Performance Memory Systems 
Battery Backup Circuits for SRAMs 
Battery Backup Using NEC's Supercaps 


Section 29. Package Drawings 
Device/Package Cross-Reference 


Package Drawings (in order by number of pins) 
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27b 
27c 
27d 


28a 
28b 
28c 
28d 
28e 


28F 
28g 
28h 
28i 
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Part Number Section 
MC-421000A32 ....cccscssccssscccsstecsssecsessuscescssesessenseesusass 10c 
MC-421000A36 ou... ceccccccscssecccceevscussecescusesscesssessreeecees 10d 
MG-421000A8 .u...cccccccccsscsssscssesssssscsenseseceescueeseseeeeneees 10a 
MG-421000A9 ....ccseccsscsscsecsccsscssescccccesessesesesesseaensuenees 10b 
MC-421000AA4O Lieeecccccscccccsssscsssccscesceussesssecevsesssenss 10e 
MG-421000AB40 wieecccsccccssscscetsesscessssssevsescusesseceeensees 10e 
MC-422000A 32 ......cccsssscsssesscervecsesseneceseesuceasvsnesssensencs 10f 
MG-A22000A SG asx cssierssnadichusadisintarie seaenacdassvinsecations 10g 
MG-422000AA4O ouiecesccecssesccesssscssccessssscsesccussessessenecs 10h 
MC-42256A 382 ...cccccccsstsscsrssssusccessscecsseeecensessupesueasscenses 9c 
MC-42256ASG ........csssscccsscsscccevsssccccsccssncsenseesesssssieceens 9d 
MC-42256AA4O ou. cccscseccsssccssesssseueusoseceesseesereneenteasenss 9e 
MC-42256AB B ...c.cccscesessssecssecceescsscssssessecsensevsueevesenecs 9a 
MGC-42256AB 9 ....ccssscssssscsscceccseccssessecssenssrsecerscesteceeecs 9b 
MC-424000A 32 .....ceccssessssecsccsccssereccsseesensssesessueconsntecs tic 
MC-424000AS6 ....... cc ccecccccccesecessssessssenceecessausenaseesseees tid 
MC-424000A8B .....c..ccscssccsssssccssseessrcessesscesssssseseccseseenes tia 
MC-424000AQ .eccssssssssssccsesstsccesssececseesssscsesecesneaseassecs 11ib 
MGC-42512AS2 ....cccccsssccessrsosssssccnserecessesseosencersensatesececs Of 
MC-42512AS6 vscccsssescseccccecssseuscsseeressssecuscenessseeees 9g 
MC-4251 2AA4O uu. cccsssccsseccssessevssssscvenseeessssesesesserevsees 9h 
MC-4251 2AB4O ......csssccssssecssscsscsrscesssetesssssnsveccstersees 9h 
MC-428000A 32 ......ccssscsccscssssecessessssctsenseesssensesassesneese tie 
MC-428000A 36 .......cccsscscsssvesscceesensessnetesscesesssneuseesents 11f 
MC-434000 .......c:ccccccnssscerscssecccssnsssenseacnecssoncresessressesea 24e 
PP B1QOA22 5 civszevcdesaeiesiss veajeisalerstestona i Macieasrarisneticisate 26a 
PIP BOOE AG si cccccicaciwictensvnpanmianneseutentosaatuasciuencadeentoas 26b 
PP BIQOA LE: ss cccassvsunisdcvscastepesiiensesevacsceneyaadeis beeen qusdinsvves 26c 
PIP NOOA IGA: sicdviseiensatsrxsceses casetensicevsiaaicauniaadencenve cause 26d 
PIP BIQOA (AE: sceishavssexseih etiessingnacsoxucpasevtiveesdsviensiiuaves 26e 
BP B 1004 (BLL acs i sccestatstadevcrvssounaivaiacn sinestsuec aves 26f 
HP BAOOFSO: percscsdeversasscectecdeutevensoetsandexriensvevenastetweserines 26g 
PAP BOO oo csadiaists vnc duninpsnthaataebacenelanncteetersa lated oon 26h 
PPB IOOABSA Ss scsndccesiissscevtavicsscesptiveviens sdesvnsesaisvseseuaanees 26i 
HP BIQOAGES: scaviscinciterreatnreanssumnstavieninwts 26 
HP B04 22 sic cinsctuncsncastutaga tavnctttvea’tceecsvechdd eanesseteanebnae 25a 
PUP SOLO as cec ta Sevres ca teen iatnenkadennyer teen Meves uedecasyenstaats 25b 
PIP BNOATA: sicecsicodsscvcacctane covsensratiainegiusiamiatuniswemiiiun 25c 
PP BAOALAR i csscasisiess obscecenusbavonscetantavchisuclexantelvaginesaneats 25d 
PPB AQATIE: scncesisccisucetecoatesoreatetssatagssdevanstecanaioseusst tin 25e 
UP BIO47 BU seernckciteiorcnetunid mitra deareaieienus 25t 
PIP BGA 0: icscacaiitcnces cadvncss sundonscciisanatetivgsetatevenstunddercoss 25g 
PP BOA G4 os scticisnentec wntiacananecnaiciade une eeieienaae 25h 
PPB NOABAA certs creda casutastindevnrxantacoonskiynuins tnanessasneamtecudos 25i 
PIP BIOAA SA as ceciccescasics stocs tuthacoeacns ivesapustacssberussnysisteass 25) 


Alphanumeric Index 


Part Number Section 
PPDIOOSOO Seincriiccotiscisacutee Mminsincicetan cemecatee 26k 
PIPDIOSOO i. cadet ehctaditstaseessy cianeatiantane austen 25k 
PPD 2B G04 rick cocsscatsccostustasnucavel eametestinedsteeeieeatae Gee 27a 
HPD 2B C005 as cckadocsshcessareslcwisedibacasevnatianieeeuataaeeee 27b 
BPDZEG250 saya oss eis eawa ici eared es: 27d 
BPD 2BC G4 svaiecicedacttsceassancngybvctencencaaateoeesers nasser ae 27c 
PPD AT256  tistsiscinicke oat Gras macanineees 3a 
PIP TAN 2A a5 ica csc cinscasticeesetvinces Avsentonteod earosies 12a 
PP DIAG risiesdosenss i ithreevsno tive eicioreae enanigs 3b 
HP DAQIOOO | secicstieeeSunicitriaiincin pane anin 4a 
PP D421 sssscts casscecies cupanwaes sits sektiensbiastasendenasanurtyisenvaians 18a 
PIP DAZ NOS ets aciecres) Joe descieasn sets ea tiasnvenaleneatvenccedsartease 18b 
PPDAZTIGIG? <a. ciseeruissaseiesettrenaceseiauintiviicacias 13a 
PIPDAQTIG ISS cece ccaiiievistacaceneantecs Ghrectieiasaerudisitaes 13a 
MP DAZVIGA2O 5 ciecacsiecisodesees cite rdeotvsstsyteastboeeeniat unk 13a 
BP DAS TG B20 esis ievsscnstersaisonavapuntedswiitalenaanasiontauiancdies 18a 
HPDAZTAGS2O aaasscicscsicscccnucesosiaiertesuservavevensentesinacien es 13a 
PPDEZIG1OO 5 so cstis ci ciniidioni dichiwieiieii emaciated se 8a 
HIP DAZ TG ION, scccsscedevaseedes verncresiaierieeinecosesitiacns Hactencom tains 8b 
HPDASIC 102 ciciccistivienricsaivnnxaean tae 8c 
PPDE21G 160 ys cisdinceaenvesscten siunsthansesvecsivantnecdessued cansteiviys 8l 
PIPDAZIG TOOL je crcicctrcrinstocas nin R radian detiae 8l 
BPD4216 160: ceiictacsaimntinciedaudgu eamiapniinas 8m 
HPD AAAG TBO os sp ccccanntasisecsiecnavssvcarnaadaeviexasn varreastaecits 8m 
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HP DAZ 16412 eccrine auniande 8g 
BP DA2Z IG S00 © cveisicvesiuteasanteedssndeatevanettenlectenorsatusitieriie sa 8h 
MPDA21IGSOOL. 5 sonst sestasemins tem tineematiadacsntesianteciniinenes 8h 
DPDAAIG B02 sas.tiestescguancucdracauvan aura deebiiidianaraduyvcendenniestes 8i 
PIP DAZ TOGO 5 est ct Oy ss ops eeedc keep ecvacs eet secpeppanaceses 8j 
PIPDEZ1GSOOL: os sasiderestssatiocs seaeaseenentaniannmactachaneanitonvens 8 
PP D4A2Z1B902 »n.5.cosaiicvriccarredicencetiaamnatandauadiied 8k 
PPD S21 7ADO 1g iisssiaserectiatisecrcutenn dines wrdaten Ware des 8a 
PPA UTA V acirantaie ideas Ages chess ecioreutucun banaateiraaeels 8b 
PP D401 7102 2 icacaiveteetaiasoectsasetusas ctestaclenstes 8C 
BPD@2AT71GD sic istid pacts steceetasiaaiadtaniwiacctenainton adalens 8l 
PIP DAZ TZ 1GOU va ick coiceccactasiess centuuetieled lereateiminasanicuaonsnates 8l 
PIP D421 7180 is sissins cosdiassiinstacnidactesssianssanteonserednsauteanies 8m 
PIPDAATV TBO: ssivesacrnascedeccesecttai cieevaidelanstsethisiadaedeua gle 
HP DA2QTT4OO css cessasacicsavSetunsvesbnsiaiinngsesneasces Reeteevgatvess 8d 
HPD AZ 1402 io cetetstecaulneieeeeneauamictaemaniel aes 8e 
PIP OAT FANG: sisasiccecasvacedinchcescdassnaisvses vabeausiecsteaveaeesianiacte 8f 
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PIPDAZVTANS: secissnsessdaosivvosns shustantiveninsasdbsinpveinietes adeanilee 8g 
PEDAL B00 hicixi pecs ateatia vies et iccemen a aaetinee een 
PPDALT BOO, secscesescsvisrnctasesveccvestevsuchissneseeersomnntdisness 8h 
PP DAZ T1900 ac cpdiscessrarccusiininuennsrectraaeiesanitaerecssacisiasa Ol] 
PIP DAON. TIO, Gia tecreinccatinaeisaodetasrocausmatinaire aj 
PPDAZABIGO siscd cisiciascvteceteiazesenciscensideeesistacdSontrineud 1. 8 
LIP DA2 BICOL acitetedeancutaieninr aeonaawanans al 
PIPDA2IG TAC. i sscss sess restsnaan eile ctseoss toeententaaeasuicbunitanis 8m 
PIPDAZISIBOL cinistic.catsisnesisonsbabepededabasiianarednivaivens ousat 8m 
HPD42264 wocccssesssseteessensseneeet anys vivagers aie scuheieasinades 12b 
HPDAC2ZO: sciedarassinencsiedind betaccineesaansnienaicdentatensentanneiens 18c 
PPD4 2274: i sisecicescescchnutis wus pansiareusinncansemoatesatienvestas 18d 
PPOBC27 2 iassacunissapasssae cones bonelvesareuvapeetaboasayinne mieictinete IOC 
PRDA227S® cece svcssasaascctorvscvoresesntanzgansivabes Kasissubpedenoassanests 12c 
PPDAZQT4 si ciisinssvaxcasisnsainnicivatatetutuarinpenedscseageneabeaie dais 12d 
PROAZ274-BO ai iessicasd vaveavonstuiutncen asp aanapteens dadkthivendarser LO 
PP DAB O75 nh sec sucuihtaseincatits bvncuad see tau chianasdened are eoaarerg, 
PDA 228 «is sccsiccsscoisedsunivatbastndesasantinansorscisnincncvavoibests 18e 
PIPDAZ4 100 ca ssscsnnatiincieendsscobenttvancisns pati stiaietianaseaaest Oe 
PEPDAZATOOR oy stats cessszaseatecnecdavaeieinuteenteigearins saieeadezetiy 5a 
PP DAZSI1OOL sieissscinnsagihsinenvaibnnissonnaavgndiiraitents 5a 
PIPDAZAION oeicsrcianeseAaencdavesaceeaneddeesneentnnite nO 
PPD 20S oi vain cessdsesdepusenvsninveseesstvasessacstasescedstnssbaorane 5c 
PPDAZAV TOR sists cniontarsctancinteabeastvcesnianatieintine senate 7a 
HPDAZANTOL sisi pssarsorsssrdrvecrveiniccmpnnereniaatinline el 
PP DSEZATOOA iessicscseusinbsevitososnanstsisinenteieraisigitataniaaneoneas 7b 
PROS 2A TSO a ctsncesntantaab vacua ecousnecabesiasetiertasvetyctats tavtess 7b 
PPOA AAS ja desedatsicistediceiiiaticdeci easietinttiginetians Vetted 4b 
PIPDAZAQBOA oi psssssaceee jeanavndcoreesidversensdanesinnnezias seriiuien €C 
PIPDAZAZOOL se. civsel soptisNveparstsaesihritaarateativeitaccanntsetaasell CO 
PP DEZA2B3A 5s vicsccvcesonivineanassionentetnovaniest pialalasuere neues 7d 
PPDAZCAQBSE: cnciccsvisacatersuddeasiessenieensiecestocacevstaepteieeesives 7d 
PP DS24 BOA ws sivtcsiesssienssondyceuaiti totes mgsciceseoassineisataet 7e 
PDA ZA BOL iis scacssciesn ceactecvusnvinaveiner iene sdveudess ee 7e 
HPOAZAAOO si asi crsiiaaiaenaadienasemaeen hii OO 
UPD424400A ......... dagidaa visicsans nets poe Gis viserteore Sekasdiaiapat Sd . 
PP O42 AAO Lists cistinsinnincaidnicetetomin Rae 
PP DAZAS02 sz isailsiepicveaisctarsescusinamtaan tinued Guasidiyenc OO 
HPDAZAANO: as tescaes fasasiasscitoasintncasenveinacavaveatntnn serch: 
PIP DA COANE, esc Sivcaspenieteunarenncdeaherssctaastivetieestiteanesenids OS 
HIP DAZAAAD, 4 oisiccceitseractucacrentanncnaititnancnwieantals .5h 
MPD424440L ou... esesssetsesssseeeeteseensatees ithe instore: 5h 
PP DAZ ABOOA oe cissccsssanccenanscurcedtaieaticinseonveunidindiele vee 6 
HPDAZAQ0OL. ssscscdecvasttoarercenibiens cchieniareuteeettatna aeaOe 
HPDE2ABIORS csssisivsssivenieuivnispeatasasttetevvese then odendanaiiaae 6b 
PPDA2S4GI OL casaiveacstacsenicinsideetautet cannes 6b 
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TR DA ZAQOOA ties Hacerveateanasedeoentetasen idatdbca seesanos 6c 
MPD 424A QOL «i siecisvssucescsssccdinctececstecevsveeseseeedtaedécesserersass 6c 
HIP DA2505 sir icitnsti aie eereeneune dh eaieeoe tel 
PPA SSS: ficcissasdesestiaseasnonse assjei eens 18) 
UP DAZOON. «:iucistelnaissiievenicrsimaca nea eee 18) 
PIP DACGAA iiss. tecsssryesdatncutacciseash nwrseigantieensasaeane 18k 
PIP DAZOAA eed scasced eases ccccectotetstts Sodas: suet ineeanaaentes 181 
PPD AZS 16160. aijesicccessssenssisatnveenotniiacwncsearmiapunesienes 8 
BPD42S1GIGUE sissicisisnwicwnsennautisneuninniaedtade 8 
HIP DAZSIGIRO swiss esis tidasavepossv On caisascenaaeeanrardivie: 8m 
PIPDA2ZS 1G 1OOL. 2 ss saissivacsisivsavraaasdsicaasidenmamtaron 8m 
PIP DAZ SIG BOO i tslasusavestesecintcavin ome etiam: 8h 
BPDAZSIGBOOL seciicssnissceisties Searanscivieansientiasuineiavnaess 8h 
PIPDAZSICI0O sicsccccosvsiailes viemtinriguiasmiieisesini Ol 
PIPD423 1EQODL i eccvecviecssctscosnnstichevs sanvlhaciseatedighistetaers 8j 
BPDS2S17 160. ciciiniciadawmiteuvigaiaiieusmatnnns 8I 
BIPDALS 1 TIC ls: scseciicceneaisivcavtactereeioinreunyauieted 8I 
PIPD4 2817180 so caissativsnviczecsansecaumnsiemecaeranhiiaruaneiiaes 8m 
LPDAZS1 7100 scicicacaisstcosdseviieiv anion sisunaaeamiacs 8m 
PPDAZS1 7800 i icsssscisdcttceassvaneusievedeascntecedencercinncussuivtyee 8h 
PPDAZS 1 SBOOL itaiescteisst tiscvis aan ctesneneaeetnae 8h- 
IPRA CSA TOO ci sinsks iis ietsevtivad vee cenntdtaieetenecotevana 8j 
PIPDAZS 17 QOOL » vivesas eocudsysacnttdes vv yactavakynonents fy aausvelntess 8j 
PPDAZS 181 GO iss tiscscvssesainsvcuszaizsinesbcpustastivedesndaeleguivds 8] 
PIPDASSIBIGO LS sentsccstcnsctesessavarccdeinmeve deat devgshantrenvancssnites 8 
PIP IDAZS 1B BO os cadianensnacaupenddccdesansiiveseiaeed@taaialdstseneioue 8m 
PIPDAQS TO 1B OL: sais cacrseasiensaccinsvoraticie ieeescametasecaustement dere 8m 
PPDACSANOOA a ssvininsdaccsgssisncesyssnudcaseeniaeiasaceedesteteanitieds OE 
PIPDAZS AOL ai casses covesstenaepvaaannspuscheascendiein vlgavaeseaniaiis 5a 
HPD E2SAT TOA isvisuscatirsiaasaucshennsasassaadeniei pant itaccneeiniias 7a 
PIPDAQS4A TOL: ss cvcscrnssseeseivcatedesconaevasantectennanntdiate care 7a 
PPDA2ZSAIOOA si aideneausicsederaneniae onion 7b 
PIP DA ZS AI GOL. oesicsancistacccuecndecstesticieasscashdat ss cuenchedeantaaeas 7b 
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N. E C Upcoming Products 


The 1993 MEMORY DATA BOOK is for your reference. able soon. The table below gives you a preview. For 
The most complete information available at printingis further assistance, contact one of the sales offices. 
included; however, several new devices will be avail- 





Upcoming Products 


Description Device Number 


DRAM SIMM Modules 

4M x 8 DRAM Module MC-424000A8BB/FB 

4M x 9 DRAM Module MC-424000A9BB/FB 
16M x 8 DRAM Module § MC-4216000A8BH/FA/AA 
16M x 9 DRAM Module = MC-4216000A9BH/FA/AA 
4M x 40 DRAM Module = MC-424000AA40BH/FH 
8M x 40 DRAM Module = MC-428000AA40BH/FH 


Comments 





Uses 16M devices 
Uses 16M devices 
Uses 16M devices 
Uses 16M devices 
Uses 16M devices 


Uses 16M devices 


Video RAMs 

4M Video RAM uPD482445 256K x 16; RAM port access times to 60 ns; serial port access times to 
15 ns; 64-pin SSOP, 70-pin TSOP 

Standard SRAMs 

32K x 8 UPD43256A-10X, 12X -25 to + 85°C; speeds to 100 ns 

32K x 8 UPD43256A-10Y, 12Y -40 to +85°C; speeds to 100 ns 

32K x 8 uUPD43256B-A12 3.0 to 5.5 V; 120-ns access time 

32K x 8 uUPD43256B-B12 2.7 to 5.5 V; 120-ns access time 

128K x 8 uUPD431000A-70X, 85X, 100X -25 to +85°C; speeds to 70 ns 

128K x 8 uUPD431000A-70Y, 85Y, 100Y -—40 to +85°C; speeds to 70 ns 

128K x 8 yPD431000B-55L/LL, 7OL/LL, 85L/LL Low power; speeds to 55 ns 

128K x 8 uPD431000B-B10, B12 2.7 to 5.5 V; speeds to 100 ns 

128K x 9 uUPD431003 Low power; speeds to 55 ns; two Chip Enables 

128K x 9 uPD431003-B10, B12 2.7 to 5.5 V; speeds to 100 ns; two Chip Enables 

512K x 8 uUPD434000-B15 2.7 to 5.5 V; 150-ns access time; two Chip Enables 

BiCMOS Fast SRAMs 

32K x 8 uUPD46258 Speeds to 6 ns; 3.3- and 5-V versions 

32K x 9 uPD46259 Speeds to 6 ns; 3.3- and 5-V versions 

128K x 8 uPD461008 Speeds to 8 ns; 3.3- and 5-V versions 

128K x 9 uPD461009 Speeds to 8 ns; 3.3- and 5-V versions 

64K x 16 uUPD461016 Speeds to 8 ns; 3.3- and 5-V versions 

64K x 18 uPD461018 Speeds to 8 ns; 3.3- and 5-V versions 
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ECL RAMs (101/100K Interface) 


16K x 4 
16K x 4 
32K x 9 
64K x 4 


pPD101/100494 
uPD101/100494LL 
HPD101/100509 
uPD101/100504 


Description Device Number Comments 
_ ECL RAMs (10K Interface) 
16K x 4 yPD10494 - Tag = 6, 7 ns; 28-pin PDIP/PFP 
16K x 4 uPD10494LL Teycle = 10, 12 ns; 32-pin PDIP/PFP 
32K x 9 uUPD10509 Teycle = 6, TDQ=3; registered I/O, scannable; 52-pin PLCC 
64K x 4 uPD10504 Taa = 8, 10 ns; 32-pin PDIP/PFP 


Taa = 6, 7 ns; 28-pin PDIP/PFP 


Teycle = 10, 12 ns; 32-pin PDIP/PFP 
Teycle = 6, TDQ=3; registered I/O, scannable; 52-pin PLCC 
Taa = 8, 10 ns; 32-pin PDIP/PFP 


NEC 


Roseville, CA 


Manufacturing in Roseville, California 


The planning was completed in 1981, ground was 
broken in 1982 and products were rolling off the line 
in 1984 at our semiconductor fabrication facility in 
Roseville, California. This milestone represented 
NEC’s bold approach to “make products where the 
customer lives,” and it was the first such venture by 
a Japanese semiconductor company in the United 
States. The fore- a 

sight of this decision 
has paid off hand- 
somely for NEC, its 
U.S. customers and 
for the community of 
greater Sacramento, 
the capital of Cali- 
fornia. The original 
facility has been 
manufacturing 256K 
DRAMs and VRAMs, § 
32K x 8 SRAMs, 
CMOS ASICs and single-chip microprocessors using 
1.2-micron CMOS and NMOS technologies. 


Now another milestone has been reached. In No- 
vember 1991, production of the 4M DRAM began 
from a newly constructed 456,000-square-foot plant. 
Combined with the existing 220,000 square-foot fa- 
cility, NEC Electronics (NECEL) in Roseville is one 
of the largest merchant fab lines in the world, ac- 
cording to industry source DataQuest. 


In addition to the 4M DRAM, the new plant will be 
capable of producing advanced VLSI products in- 
cluding 16M DRAMs, 4M SRAMs as well as ASICs 
and microprocessors. The expanded facility will be 
able to produce 30,000 6-inch wafers per month us- 
ing 0.55-micron CMOS technology. 


The fab has been designed with the most sophisti- 
cated technology available, incorporating state-of- 
the-art environmental controls and efficiencies. A 
considerable amount of money has been invested 
for this purpose, as NEC regards environmental con- 


servation as one of the most important international | 


issues. 


When running at full capacity, equipment in place 
will allow up to 60-percent of the water used for the 
DI process to be recycled—an important benefit for 





drought-ridden California. In addition, the new plant 
has eliminated the use of chlorofluorocarbons (CFC) 
in the manufacturing process. (The existing facility 
will eliminate all CFC usage by 1993.) 


NECEL’s manufacturing presence in Roseville is of 


significant benefit to the local community as well as 


the state of Califor- 
nia. When running at 
full capacity, the 
plant will employ 
over 1,350 people, 
and nearly $5 million 
in tax revenue will 
be generated for the 
city, county and 
state. 


As one of the big- 
' gest employers in 
the area, NECEL views itself as a partner with the 
local community and takes seriously its role as a 
good corporate citizen. Through numerous commu- 
nity relations activities, employees volunteer their 
time to support worthwhile educational and chari- 
table causes. The company also has a generous 
policy for contributions and donations of equipment 
and money to help maintain a high quality of life for 
the area’s residents. 


In addition to the manufacturing facility in Roseville, 
NECEL has headquarter offices in Mountain View, 
California, in the heart of Silicon Valley: Sales of- 
fices are located throughout the United States so 
that customers have immediate access to qualified 
personnel. These national presences, combined with 
on-shore manufacturing capabilities, allow NEC 
Electronics to respond quickly to customer demand 
and to work closely with customers to meet their 
changing requirements. The company considers 
quality customer service to be a number one priority, 
a trademark of all NEC operations worldwide. 


The NECEL facility in Roseville is an outstanding 
example of successful cultural meshing, offering the 
best of both worlds. The results are production 
yields and quality standards that are among the 
highest obtained by any NEC semiconductor manu- 
facturing facility anywhere. 





Device Numbering Guide NEC 


—— Country of Origin 
: De we 70 L : 
Device Type ——____—— 8) : — Low-Power Indicator 
B = Digital bipolar 7 i leis! 05 | ers a Sai ~ (Optional) 
D = Digital MOS __ L_ = Low power 
bmn cero ad cue PO 2 _ LL = Very low power 


‘Date Code woo, Bae ; 
NEG Lot Code TSOP Pinout Identifier 
an (Middle letter is significant) 
Product Class — J. |. ii J = Normal pinouts 
-. 40 10K ECL RAM : | : K = Reverse. pinouts 
- 100 .100K ECL RAM ee 5 Speed Selection | 
Se MOS OM. «, 3 - i 10. 100ns or 10 ns 
27(H)C. CMOS EPROM “o .. 712 120 ns or 12 ns 
28C _CMOS EEPROM es ai ; ; se 45-150 ns or 15 ns 
28F CMOS flash memory eee ' a ae 50 50 ns 
41 NMOSdynamicRAM = =———si«séds Posse “ae. $60" 60:ns 
42 CMOS dynamic RAM J fey ~: $70 70ns - 
CMOS static RAM ot a ; "69 80 ns 
CMOS static RAM (6-T cell) : -85 85ns 
BiCMOS static RAM —XX Ete. 


CMOS application specific device 


DRAM Power Supply 
DRAM Option— 
S = Self-refresh and low-power devices BV +10% 
- 5V +10% (with internal voltage regulator) 

Device Identifier 3.0 —5.5V 

. 2.7-5.5V 
Package 7 3.3V 10% 

BorBH Ceramic flatpack 3.0V +10% 

--C,CRorCZ Plastic DIP (dual inline package) 
D, DH, DX or DZ = Cerdip or ceramic DIP 


G (s 40 pins), GU or GW Plastic SOP (small-outline package) 
G (> 40 pins) or GF Plastic QFP (quad flatpack) 

G5, GX or GZ Plastic TSOP (thin small-outline package) 
K Ceramic LCC (leadless chip carrier) - 
L. PLCC (plastic leaded chip carrier) 

LA;_LBorLE Plastic SOJ (small-outline J-lead package) 
’"R_ Ceramic PGA (pin grid array) 

V_ Plastic ZIP (zigzag inline package) 


Notes: 
(1) The marking location and format may vary among package types. 
(2) Regardless of the format, the device number does not change. 
(3) The "uP" in NEC part numbers does not appear on the package. 
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DRAMs 


















Package and Pins 
Organ- Row Access 
'-Fzation Time (ns) TSOP 
256K x 1 Page 80, 85, 100 16-DIP, 
18-PLCC 
64K x 4 41464 Page 80, 100, 120 16-DIP 
18-PLCC 


Tir | eco SSSC~*~d Pow 00 | am | ame [wo [wor | 
assis | sense | re ——~S~S~*d=Ct roe 100 | aan | enzo | ao | mor | 
Tawr | sasioon [rr ——SSC*d Cans 70,00 | aan | | 
Tair Vrisav i 
P 
P 






424100L FP;.3.3 V 70, 80 26/20 26/20 






Taw | eessioo | ensayo | aan | aco | 
Taw | aemior [Niobe _———~*— wn, 70a 100 | aan | 0 | 
Taurean [sc 0.70.00, 100 | aero | co | 
Pius | seuco [~~ 700 | aan | | 
Tiwx« | won [resav «i men _—_—*| awn | ro | 
Tiwxe | eesuon [rrsnasy [7.00 | aan | 0 | 
Tiwxe_[eewo | rerwra | 00.70.60, 00 | away 
Pixs | sewie | sciwes | 0,70.00, 100 | awn | zo | 





| | 
Tina | aeeant | rr atasissv | en.7ac0 | asa | | 
Tiwxa | aasewo [Fria asien | o,70,00 | aan |_| 
Src [ase |_| 





4284440L FP; 4 CAS; SR; 3.3 V 60, 70, 80 





FP Fast page 

SR __ Self-refresh 
SC Static column 
WPB._ Write-per-bit 
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DRAMs (cont) 
Row Access 


Organ- 
ization pPD Time (ns) 


512K x 8 424800L FP; 3.3V _ 60, 70, 80 
512K x 8 42S4800A FP; SR 60, 70, 80 





Package and Pins 







0 | = | 
3 | 
0 | = 

3 a | 

0 | = 

0 | = | 

=" 

0 | = | 

= 


28 


512K x 8 
§12Kx 9 


42S4810L FP; WPB; SR; 3.3 V 60, 70, 80 


424900L FP; 3.3 V 60, 70, 80 


512Kx 9 
512K x 9 
256K x 16 


; ae] 
| 

: | 

; | | 

| 


3 


424170L FP; 2 WE; 1K ref; 3.3 V 60, 70, 80 
42S4190L FP; 2 WE; 1K ref; SR; 3.3 V 60, 70, 80 44/40 


256K x 18 
256K x 18 
256K x 18 


256K x 18 


424190A FP; 2 WE; 1K ref 60, 70, 80 
424190L FP; 2 WE; 1K ref; 3.3 V 


256K x 16 
256K x 16 


ae ai 

eos 

| 40 | 

es 

| 40 | 

| 40 | 

| 40 | 

: | 40 
oazoo. | FPi2CASSI2refsav | 60,7080 | 40 | 44/40 | 
asaae0a | FP 2CAS St2ref'sR_ | 60, 70,00 | 40 | 44/40 _ | 

ao | 

3 Es 

: | 40 

ze 

| 40 

| 40 

a0 

| 

ao) 


256K x 16 
256K x 16 
256K x 16 


424260A FP; 2 CAS; 512 ref 60, 70, 80 44/40 


42S4260L FP; 2 CAS; 512 ref; SR; 3.3 V 60, 70, 80 


256K x 18 
256K x 18 
256K x 18 
256K x 18 


Ze 


42S4280L 





FP = Fast page 
SR sSelf-refresh 
WPB  Write-per-bit 
ref Refresh 

WE Write enable 
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DRAMs (cont) 
Row Access 


Organ- 
ization Features Time (ns) SOU TSOP 


ewer [_aerrioo | FRiakret | a0, 70,60,100 | aan | tome | 2 
Tae] [sci ako wea 0,70, 00,100 | eee | ane | oe _ 
axe | 
axe 
awe | 
awe | 
axe | 
axe | 
axe | 
axe] 
axe _| 


















4 
24 





8c 











8h 


ween | Friaket ——*| -sauca7e | |= | | 
cron | Fiat | .en.7ac0 | a | @ [| 
wevrooo._| FPiexntioav |e. 70e0 | a | @ | 







FP Fast page 

SR Self-refresh 
SC Static column 
WPB._ Write-per-bit 
ref Refresh 
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- 4216900 FP; 4K ref 50, 60, 70, 80 } 32 
4216900L FP; 4K ref; 3.3 V 60, 70, 80 | 32 





DRAMs (cont) 















Packages and Pins 


a 


32 





Organ- 
ization 


Row Access 


pPD Time (ns) 


; , 70, 2 
2Mx@ | 42stes00L =| FP; 4K ref; SR; 3.3 V 
aero [rattan 7.00 


3 o | 2 [2 

3 [2 [2 | 

o | 2 js | 

: pe | 

3 .60,70,00 | a | a | 

“aesireoot | Fratton aay | wo7o0 | a 

aeisece | sciaket toe ee| 

eens | iat | ene |e 
| 42 | 50/44 

: Pe | ene 

we | ene] 

3 Ce | some] 

rae one 


50/44 
42816160 FP; 4K ref; SR 50, 60, 70, 80 


1M x 16 4217160L FP; 2K ref; 3.3 V 60, 70, 80 


42S16160L FP; 4K:ref; SR; 3.3 V 60, 70, 80 
1M x 16 42817160 FP; 2K ref; SR 50, 60, 70, 80 





4216160L FP; 4K ref; 3.3:V 60, 70, 80 
42S17160L FP; 2K ref; SR; 3.3 V 60, 70, 80 


ee ee a aE ed 
[—aasiocar | FPsikret omsav | e700 | «| 
ieee | Fricker id? Cea | we 
[ioe Friacetsav | 7a | 
rasiewo | FPsaxretign | en,en,70,00 | «2 | some | 
[aasieweot | FPiakretsnaav | ea7oeo | @ | some | 
Taare | Friaket ——~|-amen.7oco | «| som | 
7080 | @ | some | 
7o00 | | some | 
a 


1Mx 18 42818180 FP; 1K ref; SR 50, 60, 70, 80 
IMx 18 42S818180L FP; 1K ref; SR: 3.3 V 60, 70, 80 


FP Fast page 
SC Static column 
ref Refresh 





Q 
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DRAM SIMM Modules 


Module Size (inch) DRAM Devices 
Access 
Organization MC Operation Time (ns) Thickness Qty Sect. 


256K x 8 -42256AB8 Fast page | 60,70,80,100 | 200 | 661 | 2 | 424256La 9a 


256K x 9 -42256AB9 60, 70, 80, 100 2 424256LA 9b 


; 42256. 
256K x 32 -42256A32 Fast page | 70, 80, 100 
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2 424260LE 9c 


256K x 36 72 -42256A 36 Fast page 424280LE 9d 

256K x 40 72 -42256AA40 | Fast page 200 1.000 424256LA Ye 

512K x 32 72 -42512A32 Fast page 1.000 424260LE of 

512K x 36 72 -42512A36 Fast page 366 1.000 424280LE 9g 

512K x 40 72 -42512AA40 | Fast page 20 | 424256LA Sh 
-42512AB40 | Fast page 200 424800LE 

IMx8 30 -421000A8 Fast page 424400LA. 10a. 

iMx9 30 -421000A9 Fast page 2 424400LA 10b 

421000LA 
1M x 32 72 -421000A32 | Fastpage | 60, 70, 80, 100 1,000 424400LA 10c 





1.000 
1.250 ; 
1.000 


424400GS 
424400LA 


424400LA 10d 
421000GX 


424400GS.: - 
421000GX - 


424400LA 
421000LA 


424400LA 
421000LA 


424400LA 10e 
424800LE 

424400LA 10f 
424400GS 

424400LA 


1M x 36 72 -421000A36 


Fast page 60, 70, 80, 100 


Fast page | 60, 70, 80 


1M x 40 72 -421000AA40 | Fast page | 60, 70, 80, 100 
-421000AB40 , 80, 


-422000A32 


10 
O- 


wl 
© 


9 


Fast page 60, 70, 80, 100 


Fast page 60, 70, 80, 100 
161 


2M x 32 72 


1.250 16 


Ss 


C 
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DRAM SIMM Modules (cont) 


Module Size (inch) DRAM Devices 
Organization MC Operation 


2M x 36 -422000A36 60, 70, 80 


16 424400LA 10g 
8 421000GX 


-161 16 424400GS 
8 421000GX 

1.250 424400LA 

421000LA 






Access 
Time (ns) 


4M x 32 -424000A32 60, 70, 80 


424100LA tla 
4M x 36 -424000A36 | Fastpage | 60,70, 80 


424100LA 11b 
8M x 32 -428000A32 | Fastpage | 60,70, 80 


4217400LE ttc 
8M x 36 -428000A36 | Fastpage | 60, 70, 80 


4217400LE 
Video RAMs 


4217400LE 11d 
424100LA 

Organ- Row Access Serial Access 

ization pPD Time (ns) Time (ns) 


4217400LE 
eacxa | wae wo | oe | 
es 
aaa 
| 


4217400LE ile 


4217400LE 11f 
424100LA 


Packages and Pins 


424100LA 
FP Fast page 


HP Hyper page (extended data out) 


FP 
FP 
FP 
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Synchronous DRAM 








Packages and Pins 




















Organ- Clock Rate Row Access Burst Access 









Size ization pPD (MHz) Time (ns) Time (ns) Sect 
auxe | aeieszo | 10° i ae ee ee 













2Mx9 42116920 


1M x 16 42116162 
1M x 18 42116182 


RAMBUS DRAM 


Organ- Read Hit Access Burst Access 
ization pPD Time (ns) Time (ns) 


Application Specific Devices 


Access 
Description uPD Time (ns) Sect. 
910 x 8-bit line buffer for NTSC TV 42101 27, 49 a eee aa ee 24-SOP | 18a 
1134 x 8-bit line buffer for PAL TV 42102 18, 21, 40 a eae 24-SOP | 18b 


























263 lines of 910 x 4 bits NTSC field buffer Er nd DE 
42272 sampling 

5048 x 8-bit line buffer for communications | 42505 | 40,55 | 24 | | | 22 |  — [ 4eF 

32K x 8 bidirectional data buffer ee cee ee ee eee 18i 


11 
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Fast Static RAMs 


Packages and Pins 
Organ- Access 
. Size ization Time Pee ' TSOP Sect 


> OSC 
OO 
[sae | aswooe [anes | t= | | [| i 


Cache Data RAMs 













Packages and Pins 


ee er ee ee 
fekwionix? esr fw TST STS 
fexxaownxe _fesrna [ais st S| 


256K 





Standard Static RAMs 


| 
Organization Access Time (ns) | pip | soy | sop | tsop | zp | 
feaxxs ____[4s28en [08,100 120,10 | 2 | | 


a 
fsaxxe_—~foseseo_|asi7o.es | | |= | | 
fake | 0008 [70.05.10 | || # | = | | 
fsrcee _|eovoon [55.70.05 000 | we | [| @ | [| 


512K x 8 MC- 85, 100 
434000 







12 


N: EC Quick Reference Guide 


ECL RAMs (10K Interface) 


ae and Pins 


ee 


ee Si aa eee 
Oe 
ee ae 


ee and Pins 
Access Time (ns) Flatpack 


00460 





ECL RAMs (100K Interface) 


Organization 
256 x 4 
4K x 1 
1Kx4 
1Kx 4 
1Kx 4 
1Kx4 
16K x 1 
4K x 4 
4Kx 4 
4K x 4 
256K x 1 


= 
7 


ata 
NN 





EEPROMs 







ee ee eee 





Organization 


8K x 8 
32K x 8 
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NEC 








Application Specific 


Devices 18 





Fast Static RAMs 
(256K) 









Fast Static RAMs 















































Application Specific Devices 


Section 18 
Application Specific Devices (See App Notes 54 
thru 58, 90-03, 90-06.) 


pPD Description 
42101 910 x 8-bit line buffer for NTSC 18a 
TV 
42102 1134 x 8-bit line buffer for PAL  18b 
TV 
42270 263 lines of 910x 4 bits NTSC —18c 
ag field buffer 
. 42271. > Picture-in-picture generator 18d 
42272 Picture-in-picture generator 
with color border 
42280 256K x 8-bit field buffer 18e 
42505 5048 x 8-bit line buffer for 18f 
communications systems 
485505 5048 x 8-bit line buffer 18g 
485506 5048 x 16 line buffer 18h 
42532 32K x 8 bidirectional data 18) 
buffer 
42601 1M x 1 silicon file 18; 
42641 4M x 1 silicon file 18k 
42644 1M x 4 silicon file 18) 
481440 256K x 16 graphics DRAM; 18m 


hyper-page 


NEC 


NEC Electronics Inc. 


Description 


The »PD42101 is a 910-word by 8-bit line buffer fabri- 
cated with a CMOS silicon-gate process. The device 
helps to create an NTSC flicker-free television picture 
(noninterlaced scan conversion) by providing intermedi- 
ate storage and very high-speed read and write opera- 
tion. 


The »PD42101 can also be used as a digital delay line. 
The delay length is variable from 10 bits (at maximum 
clock speed) to 910 bits. 


Features 


910-word x 8-bit organization 

Line buffer for NTSC, 4fgc¢ digital television systems 
Asynchronous, simultaneous read/write operation 
1H (910-bit) delay line capability 

TTL-compatible inputs and outputs 

Three-state outputs 

Single +5-volt power supply 

24-pin plastic DIP and miniflat packaging 


oaodauadaadn 


Ordering Information 


Read Cycle Write Cycle 
Part Number Time (min) Time (min) Package 


pPD42101C-3 34 ns 34 ns 24-pin plastic DIP 


C-2 34 ns 69 ns 
C-1 69 ns 69 ns 

#PD42101G-3 34 ns 34 ns 24-pin plastic miniflat 
G-2 34 ns 69 ns 


G-1 69 ns 69 ns 


60071 





puPD42101 
Line Buffer for NTSC TV 


Pin Configuration 


24-Pin Plastic DIP or Miniflat 





bie 
° 
= 
nN 
x 
a 
a. 
a 


Pin Identification 


Symbol Function 
Dino - Dinz Write data inputs 
Douto - Dout7 _. Read data outputs 


RSTW Write address reset input 
RSTR ’ Read address reset input 
WE Write enable input 


RE Read enable input 
WCK Write clock input 

RCK Read clock input 

GND .. Ground 
Voc +5-volt power supply 


pPD42101 


PIN FUNCTIONS 
Dino - Din7 (Data Inputs) 


In a digital television application, the digital composite 
~ signal, luminance, chrominance, etc. information is writ- 
ten into these inputs. 


~~ Douto - Dout7 (Data Outputs) 


The tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. 


RSTW (Write Address Reset Input) 


Bringing this signal low when WE is also low resets the 
internal write address to 0. If WE is at a high level when 
the RSTW input is brought low, the internal write address 
is set to 909. The state of this input is strobed by the 
rising edge of WCK. 








RSTR (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0 if RE is also low. If 
RE is at a high level when the RSTR input is brought low, 
the internal read address is set to 909. 


WE (Write Enable input) 


This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 


RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
lf RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas- 
ing. The state of RE is strobed by the rising edge of RCK. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 








NEC 


each WCK cycle unless WE is at a high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 909 to 0 and begin increasing again. 


RCK (Read Clock Input) 


Ail read cycles are executed synchronously with RCK. 
The states of both RSTR and RE are strobed by the rising 
edge of RCK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in- 
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 909 to 0 and begin increasing again. 





Absolute Maximum Ratings 


Supply voltage, Voc -1.5to +7.0V 
Voltages on any input pin, V;, -15to + 7.0V 
Voltage on any output pin, Vo -1.5to +7.0V 
Short-circuit output current, log 20 mA 
Operating temperature, Topa — 20 to +70°C 


Storage temperature, Tstg - 55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.4 5.5 Vv 
Input voltage, low Vit ~1.5 0.8 Vv 
Operating temperature Ta 0 70 °C 


Capacitance 
Ta = 25°C; Voc = +5.0 V 10%; f = 1MHz 


Parameter Symbol Min Max Unit Pins Under Test 

Input C 5 pF WE, RE, WCK, RCK, 

capacitance RSTW, RSTR, Dino - 
Din7 

Output Co 7 PF Douto - Pout 


capacitance 


N: E Cc pPD42101 


Block Diagram 


Read 
Row Selectors 





Data Write 
Dino- Din7 Input Column Output 


Buffers Selectors “a Selectors Buffers 


Row Selectors 





DC Characteristics 
Ta = -20 to +70°C; Voc = +5.0V + 10% 


Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current I -10 10 pA Vin = OV to Voc; all other pins not under test = 0 V 
Output leakage current lo -10 10 pA Dout disabled; Vo = 0to 55 V 

Output voltage, high Vou 2.4 Vv lou = -1 mA 

Output voltage, low VoL 0.4 Vv lo. = 2.0mA 





AC Characteristics 
Ta = -20 to +70°C; Voc = +5.0V + 10% 


pPD42101-3 pPD42101-2 pPD42101-1 

Parameter Symbol min Max Min Max Min Max Unit Test Conditions 

Write/read cycle operating current loc 70 60 35 mA twok = twoK 
(min); tack = tack 
(min) 

Write clock cycle time twoK 34 1090 69 1090 69 1090 ns 

WCK pulse width twow 14 25 25 ns 

WCK precharge time twop 14 25 25 ns 

Read clock cycle time tack 34 1090 34 1090 69 1090 ns 

RCK pulse width tacw 14 14 25 ns 

RCK precharge time tacp 14 14 25 ns 

Access time tac 27 27 49 ns 
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AC Characteristics (cont) 























»PD42101-3 pPD42101-2 pPD42101-1 
Parameter Symbol min Max Min Max Min Max Unit Test Conditions 
Output hold time | ton 5 5 5 ns 
Output active time tz. 8 27 5 27. 5 49 ns (Note 5) 
Output disable time tyz 5 27 5 27 5 49 ns (Note 5) 
Data-in setup time tos 14 ' 18 18 ns 
__ Data-in hold time ee ee Oa 5 5 ns 
a Reset active setup time tas 14 14 20 ns (Note 7) 
Reset active hold time tay 5 5 5 ons (Note 7) 
Reset inactive hold time tant 5 5 5 ns (Note 8) 
Reset inactive setup'time = tane . 14 ~ 14 20 ns (Note 8) 
Write enable setup time twes 14 7 20 20 ns (Note 9) 
Write enable hold time tWeH 5 ns (Note 9) 
Write enable high delay from - twent 5 5 oO § ns (Note 10) 
WCK 
Write enable low delay to WCK twen2 14 20 20 ns (Note 10) 
Read enable setup time tres 14 14 20 ns (Note 9) 
Read enable hold time tReEH 5 5 5 ns (Note 9) 
Read enable high delay from trent 5 ns (Note 10) 
RCK : 
Read enable low delay to RCK tREN2 | 14 14 20 ns (Note 10) 
Write disable pulse width twew 0 0 0 ns (Note 6) 
Read disable pulse width trew 0 0 0 ns (Note 6) 
Write resettime —- - tastw 0 -0 0 ns (Note 6) 
Read reset time tasTR 0 0 0 ns (Note 6) 
Transition time Men tr 3 35 3 35 3 35 ns 
Notes: 
(1) All voltages are referenced to ground. ==> (7) If either tag or tay is less than the specified value, reset 
(2) After power-up, a read reset cycle.and a write reset cycle must be _ Operations are not guaranteed. ; 
executed before proper device operation is achieved. (8) If either tan; Or ta_ygis less than the specified value, internal reset 
(3) Input pulse rise and fall times assume tr = 5 ns. Input pulse Clic ha outa cr asaies reant sleet preceding or 
levels = GND to 3 V. Transition times are measured between3 : . 
V and O V. See figure 1. . ea (9) If either twes or tweH (tres OF trey) is less than the specified 
(4) Input timing reference levels = 1.5 V. Output timing reference , value, write (read) disable operations are not guaranteed. 
. levels are 0.8. and 2.0 V. See figure 2. ss (10) If either tweny OF twene (taen1 OF taeNngo) is less than the 
(5) This delay is measured at 200 mV from the steady-state voltage specitied value, internal write (read) disable operations nny 
“with the load specified in figure 4. Under any conditions, t, 7 = extend to cycles immediately preceding or following the period 
tz. : of desired disable operations. 
6) ane e. dla ae EE ED. eu tf writin, After his timo, the data stored may baldlochatgat: 
twew't tastw +910 (wo) stms - since this device uses a dynamic storage element. 


taew + tastr + 910 (tack) s 1 ms 
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Figure 1. input Timing 





Figure 2. Output Timing 





Figure 3. Output Load for tac and toy 





Figure 4. Output Load for t, z and tyz 
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Timing Waveforms 


Read Cycle 


[1] RSTR = Vy. 
[2] V = valid data. 





Write Cycle 


Cyclen Cycle n+ 1 Cycle n+2 Disable Cycle yclen+3 
tWwoK 


. twop 
{WEN1 twes tWEH 


twow tWEN2 


twew 


[1] RSTW = Vip. 
[2] V = valid data. 





831H-6704B 
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Timing Waveforms (cont) 


Read Reset Cycle 





pPD42101 NE C 


Timing Waveforms (cont) 


Write Disable Cycle 


Disable Cycles 


WK XM TEED SAWMIUIOANHTUNH 


[1] V = Valid Data. 





83-003723B 


Read Disable Cycle 


Disable Cycles 


D1) ee 1) Ee AX vert ) 7H 


AX nen XY 


Note: 
[1] V = Valid Data. 





83-003646B 
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Timing Waveforms (cont) 
Re-Read Cycle 


= 
1 tacr | 
eo {XX XX YT We Yee eX) 


Note: 

(1] RE = Vi. 

[2] V = Valid Data. 

[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 


83-003644B 
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Timing Waveforms (cont) 
910-Bit Delay Line Cycle 


[1] V = Valid Data. 
(2] 1H = the first group of 910 bits. 2H = the second group of 910 bits. 


83-003657B 





10 


NE Cc pPD42101 


Timing Waveforms (cont) 


n-Bit Delay Line Cycle 





as NV 
WE, RE eh 


Notes: 
[1] V=valid data 

[2] 1H = the first group of bits. 2H = the second group of n' bits. 
[3] RE = WE = Vit 











831H-6717B 
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Timing Waveforms (cont) 


n-Bit Delay Line Timing C ycle (1) 
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Timing Waveforms (cont) 


n-Bit Delay Line Timing Cycle (2) 


voor TMT TTT” HK WK Nee YP 


Notes: 
[1] WE = Vj. 
[2] V = valid data. 
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Applications 


1H (910-bii) Delay Line 


Any one of the following methods may be used to 
configure a 1H (910-bit) delay line, or to vary the number 
of delay bits from a minimum of 5 (when operating at 
4fgc) to a maximum of 910 (figure 5). 


(1) Execute a reset cycle proportionate to the desired 
delay length. 


(2) Adjust the input timing of RSTW and RSTR to the 
desired delay length (see waveform for n-bit Delay 
Line Timing 1). 


(3) Adjust the address by disabling WE or RE for a 
period proportionate to the desired delay length. 


Figure 5. Connection of a 1H (910-bit) Delay Line 


Data Inputs Data Outputs 
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Applications (cont) 


Noninterlaced Scan Conversion 


It is also possible to use either one or two »PD42101s for 
noninterlaced scan conversion. lf one device is used, the 
same data is read twice at 28.6 MHz (8fsc) to prepare it 
for writing at 14.3 MHz (4fgc). If two devices are used as 
shown in figure 6, data input at 14.3 MHz is read alter- 
nately at 28.6 MHz with RE. Actual line signals and 
complement line signals are entered as input data. Com- 
plement signals can also be obtained using the 
p»PD42101 if resetting is performed for each line. A single 
signal type is assumed in this case. In actual applica- 
tions, noninterlaced scan conversion with brightness (Y) 
and color difference (C) and RGB signals will require as 
many as two or three times the number of »PD42101 
devices shown in this example. 





Figure 6. Example of Noninterlaced Scan Conversion 


RCK 
[8fg¢ = 28.6 MHz] 


RSTW RSTR RCK 


Actual Line 
Data Inputs Din 


Noninterlaced Line 
Data apie 


RSTW RSTR RCK RE 


\ 
A 
_ 
SS 
RK _Interpolated Line 
\ Data Inputs DIN i ed 
* 


Displayed 
. Television 
Picture \ Picture 


Transmitted 


Television . 


N 
Interpolated Line 


WCK 
[4fg¢ = 14.3 MHz] 
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Timing Waveforms (cont) 


Application Timing for Noninterlaced Scan Conversion 





16 


N. KE Cc uPD42101 







Output data of cycles 900 to 
909 may be that of 1H before. 


tAC nH’ 
penoanocancscannqca-—+ 
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Timing Waveforms (cont) 


Basic Timing for Noninterlaced Scan Conversion 


= 


tps 





455 Write Cycles 


455 Write Cycles 
455 or 910 Write Cycles 910 Read Cycles 910 Read Cycles 


ON acta) Oe 


Note: 
(1) WE = Vit. 
(2] V = Valid Data. 


[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 


83-003655B 
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NEC Electronics Inc. 


pPD42102 
Line Buffer for PAL TV 





Description 


The »PD42 102 is a 1,135-word by 8-bit line buffer fabri- 
cated with a CMOS silicon-gate process. The device 
helps to create a PAL flicker-free television picture (non- 
interlaced scan conversion) by providing intermediate 
storage and very high-speed read and write operation. 


The »PD42102 can also be used as a digital delay line. 
The delay length is variable from 2 bits (at maximum 
clock speed) to 1,135 bits. 


Features 


1,135-word x 8-bit organization 

Line buffer for PAL, 4fs¢ digital television systems 
Asynchronous, simultaneous read/write operation 
1H (1,135-bit) delay line capability 
TTL-compatible inputs and outputs 

Three-state outputs 

Single +5-volt power supply 

24-pin plastic DIP and miniflat packaging 


Oooo onno GB 


Ordering Information 
Read Cycle Write Cycle 


PartNumber Time (min) Time (min) Package 
pPD42102C-5 25 ns 25 ns 24-pin plastic DIP 
C-3 34 ns 34 ns 
C-2 34 ns 69 ns 
C-1 69 ns 69 ns 
PD42102G-5 25 ns 25 ns 24-pin plastic miniflat 
G-3 34 ns 34 ns 
G-2 34 ns 69 ns 
G-1 69 ns 69 ns 


60096 





Pin Configuration 


24-Pin Plastic DIP or Miniflat 


N 
oO 
past 
N 
vt 
a 
a 
a 


Pin Identification 


Symbol Function 

Dino ~ Dinz Write data inputs 

Douto - Dout7 Read data outputs 
RSTW Write address reset input 
RSTR Read address reset input 
WE Write enable input 

RE Read enable input 

WCK Write clock input 

RCK Read clock input 

GND Ground 

Voc +5-volt power supply 





pPD42102 


PIN FUNCTIONS 
Dino - Dinz (Data Inputs) 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ- 
ten into these inputs. = 


Douro - Dout7 (Data Outputs) 


The tri-state outputs’ are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to. move data from the data inputs to 


~~” the data outputs. 


RSTW (Write Address Reset Input) 


Bringing this signal low when WE is also low resets the 
internal write address to 0. If WE is at a high level when 
the RSTW input is brought low, the internal write address 
is set to 1,134. The state of this input is strobed by the 
Using edge of WCK. 


RSTR (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0 if RE is also low. If 
RE is at a high level when the RSTR input is brought low, 
the internal read address | is set to 1,134. 


WE (Write Enable Input) 


This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write. address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 


RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
lf RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas- 
ing. The state of RE is strobed by the rising edge of RCK. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 

















each WCK cycle unless WE is at a high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 1,134 to 0 and begin increasing again. 


RCK (Read Clock Input) 


All read cycles are executed synchronously with RCK. 
The states.of both RSTR and RE are strobed by the rising 
edge of RCK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in- 
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 1,134 to 0 and begin increasing again. 





Absolute Maximum Ratings 


Supply voltage, Voc -1,5to +7.0V 
Voltages on any input pin, V; -~15to + 7.0V 
Voltage on any output pin, Vo -1.5 to +7.0V 
Short-circuit output current, los 20 mA 
Operating temperature, Topa - 20 to +70°C 
Storage temperature, Tstg -55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and. AC Characteristics. 


Recommended crernta Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Win. 2.4 5.5 Vv 
Input voltage, low VIL -15 0.8 Vv 
Operating temperature Ta ~20 70 °C 
Capacitance 
Ta = 25°C; Voc = +5.0 V +10%; f = 1MHz 
Parameter Symbol Min Max Unit Pins Under Test 
Input C 5 pF  WE,RE, WCK, RCK, 
capacitance RSTW, RSTR, 

Dino - Dinz 
Output Co 7 PF Douro - Pout7 
capacitance 


N: KE Cc pPD42102 


Block Diagram 





Write Dual-Port Data 
Dino~ Dinz Column Storage Cell Column Output 





D = 
Selectors Array Selectors Buffers outo ~ Pout7 


Write 
Row Selectors 











DC Characteristics 

Ta = -20 to +70°C; Vog = +5.0V + 10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current h ~-10 10 uA Vin = 0V to Vcc; all other pins not under test = OV 
Output leakage current lo ~10 10 pA Dour disabled; Vo = 0t0 5.5 V 

Output voltage, high Vou 2.4 Vv lon = -1 mA 

Output voltage, low VoL 0.4 Vv lol = 2.0mA 


AC Characteristics 
Ta = -20 to +70°C; Voc = +5.0V + 10% 





pPD42102-5 y4PD42102-3  wPD42102-2  wPD42102-1 





Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Write/read cycle operating current loc 80 80 70 40 mA — twok = twok (min); 
tack = tack (min) 

Write clock cycle time twox« 25 880 28 880 56 880 56 880 ns 

WCK pulse width twow 10 12 20 20 ns 

WCK precharge time twop 10 12 20 20 ns 

Read clock cycle time tack 25 880 28 880 28 880 56 880. ns 

RCK pulse width tacw 10 12 12 20 ns 

RCK precharge time tacp 10 12 12 20 ns 

Access time tac 18 21 21 40 ns 

Output hold time ton 5 5 5 5 ns 


(ev) 
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AC Characteristics (cont) 


pPD42102-5 p»PD42102-3  »PD42102-2 4PD42102-1 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Access time after a reset cycle tacr 18 21 21 40 ns 
Output hold time after a reset cycle tour 5 5 .§ 5 ns 
Output active time tLz 5 18 21 21 5 40 ns___ (Note 4) 
Output disable time tyz 5 18 5 21 5 21 5 40 ns (Note 4) 
Data-in setup time tps 7 12 15 15 ns 
Data-in hold time too 3 5 5 5 ns 
Reset active setup time tas 7 12 12 20 ns___ (Note 7) 
Reset active hold time taH 3 ns _—__ (Note 7) 
Reset inactive hold time tani 3 5 5 5 ns___ (Note 8) 
Reset inactive setup time tano 7 12 12 20 ns _—__ (Note 8) 
Write enable setup time twes 7 12 20 20 ns___ (Note 9) 
Write enable hold time tWEH 3 5 5 5 ns__- (Note 9) 
Write enable high delay fom WCK — twen1 3 5 5 5 ns (Note 10) 
Write enable low delay to WCK tweENn2 7 12 20 20 ns (Note 10) 
Read enable setup time tres 7 12 12 20 ns__ (Note 9) 
Read enable hold time tREH 3 5 5 5 ns _ (Note 9) 
Read enable high delay from RCK tReNt 3 5 5 5 ns —_ (Note 10) 
Read enable low delay to RCK treN2 7 12 12 20 ns _—_ (Note 10) 
Write disable pulse width twew 0 0 0 0 ns _—_ (Note 5) 
Read disable pulse width trew 0 0 0 0 ns _—_ (Note 5) 
Write reset time tastTw 0 0 0 0 ns___ (Note 5) 
Read reset time tastrR 0 0 0 0 ns _—_ (Note 5) 
Transition time tr 3 35 3 35s 3 35 3 35 ns 
Notes: 
(1) All voltages are referenced to ground. (6) This parameter applies when tack = tacr (max). 
(2) Input pulse rise and fall times assume t; = 5 ns. Input pulse (7) If either tag or tay is less than the specified value, reset 
eaead P =o to 3 V. Transition times are measured between 3 eae are not uae - . 
Forte ion ony ty = Sinan 041024 grainy ay ene 10 es madly ewan ot 
figures + ands. , leas following the period of desired reset operations. 
(8) Input timing reference levels = 1.5 V. Output timing reference ©) eue oie c eine pbs al ir 
levels are 0.8 and 2.0 V. See figure 3. ‘ : 
(4) This delay is measured at 200 mV from the Steady-state voltage (10) one yew ee ea Tecan heel 
sin thet bee Specified in figures. Unicer.any copaMone a2 extend to cycles immediately preceding or following the period 
of desired disable operations. 
(5) twew (max) and taew (max) must be satisfied by the following (11) Data is guaranteed to remain valid for a minimum of 1 ms after 


equations in 1-line cycle operation: 
twew + tastw +1,135 (wok) = 1 ms 
trew + tastR + 1,185 (tack) = 1ms 


itis written. After this time, the data stored may be invalid, since 
this device uses a dynamic storage element. 
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Figure 1. Input Timing 





Figure 2. Input Timing for 4PD42102-5 
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Figure 3. Output Timing 





Figure 4. Output Load for tac, tacr, ton and tour 
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Figure 5. Output Load for tz and tyz 
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Timing Waveforms 


Read Cycle 


tRES 


[1] ASTR = Vy. 
[2] V = valid data. 


Write Cycle 


Cyclen Cycle n+ 1 
twek 


twop 


twow 


yclen+2 


Notes: 
[1] RSTW = Viy. 
[2] V = valid data. 


nate a=. buee: igs a=. 


'REH 





Disable Cycle yclen+3 


tWEN2 


twew— 
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Timing Waveforms (cont) 


Read Reset Cycle 


[2] V = valid data. 
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Timing Waveforms (cont) 


Write Disable Cycle 


Disable Cycles 


Sm) QC (8) CD AMUN 


Note: 
{1) V = Valid Data. 





Read Disable Cycle 
tRew 
RE 
Disable Cycles 
tREN1 
RCK a n+ moe 
tac tHz 
pour _v XXX ver XM vin XXX vinai XY 


Note: 
{1} V = Valid Data. 
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Timing Waveforms (cont) 


Re-Read Cycle 







tks 


RSTR 





(1] RE = Vic. 

(2] V = Valid Data. 

[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data into that focation provided that a second write operation has not 

re-written new data into that location. 
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NEC Electronics Inc. 


pPD42270 
NTSC Field Buffer 


June 1990 





Description 


The uPD42270 is a field buffer designed for NTSC TV 
applications and for other applications where serial 
data is needed. Equipped with four planes of 263-line by 
910-bit storage, the u.PD42270 can execute serial write 
and read cycles on any of the 263 lines. Within a line, 
four planes of 910 bits each may be written or read at 
the NTSC sampling rate of 4fsc¢. 


Each of the four planes in the uPD42270 is equipped 
with two ports, one each for the write and read data 
registers. Each of the registers is split into two 455-bit 
segments but functions as if it were organized as one 
scan line of 910 bits. Independent control of write and 
read operation makes it possible for the device to 
operate synchronously or asynchronously at a clock 
frequency of 14.3 MHz or higher. 


The synchronous option simplifies interframe lumi- 
nance (Y) and chrominance (C) separation and inter- 
field noise reduction and makes it easy to obtain a 
one-field delay line for digital TV and VCR applications 
requiring NTSC 4fgc sampling. To obtain a very long 
delay, field length can be configured from 260 to 263 
lines and line length of the last line from 896 to 910 bits. 


The asynchronous option is useful in applications such 
as frame synchronization and time base correction, 
where line jump, line hold, line reset and pointer clear 
functions are required to support special effects in TV 
field processing. 


Regular refreshing of the device’s dynamic storage cells 
is performed automatically by an internal circuit. All 
inputs and outputs, including clocks, are TTL- 
compatible. The uPD42270 is packaged in a 400-mil, 
28-pin plastic DIP and is guaranteed for operation at 
~20 to +70°C. 


Ordering Information 


Access Time Cycle Time 
Part Number (max) (min) Package 
uUPD42270C-60 40ns 28-pin plastic DIP 


60 ns 


60101 





Pin Configuration 


28-Pin Plastic DIP 


BS»/WLH 
Voc 
BS4/RCO 
BS/WCO 
DINg 
DIN, 
DOUT> 113 DIN2 
DOUT3 O14 DIN3 


oO 
Ms 
N 
N 
wt 
Q 
Qa 
a 
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Features 


QO Three functional blocks 
— Four 263-line x 910-bit storage planes 
— Four 910-bit write registers, one for each plane 
— Four 910-bit read registers, one for each plane 


Q Two data ports: serial write and serial read 


QO Asynchronous operation 
— Dual-port accessibility 
— Carry-out feature to indicate position of scan 
line 
— Line jump, fine hold, line reset, and pointer clear 
functions 


G Synchronous operation 
— Variable field length: from 260 to 263 lines 
— Variable last line length: from 896 to 910 bits 


Automatic refreshing 

CMOS technology 

Fully TTL-compatible inputs, outputs, and clocks 
Three-state outputs 

Single + 5-volt power supply 

On-chip substrate bias generator 

Standard 400-mil, 28-pin plastic DIP packaging 


0 00 0 0 0 0 





yPD42270 


NEC 





Pin Identification 


Symbol Function 

Dino - Ding Write data inputs 
Douto - Pouts Read data outputs 
Ww Write enable 

OE Output enable 
WCK Write clock input 
RCK Read clock input 
WCLR Write pointer clear 


RCLR Read pointer clear 

WLRST Write line reset 

RLRST Read line reset 

WLJ Write line jump 

RLJ Read line jump 

WLH Write line hold 

RLH Read line hold 

Wwco Write data register carry output 
RCO Read data register carry output 
LSo - LSy Line select inputs 

BSo - BSg Bit select inputs 

MODE Synchronous/asynchronous control 
GND Ground 

Vec +5-volt power supply 

TEST Test pin (connect to GND in system) 


Pin Functions 


Dino - Ding. These pins function as write data inputs, 
e.g., for 4fg¢ Composite color or brightness signals. 


Douto - Dourg3. These pins are three-state read data 
outputs. 


W. A low level on W enables write operation. W must be 
kept low throughout the entire scan line to ensure that 
data is stored serially; if W goes high any time during 
the WCK clock sequencing for a line, write operation 
will be disabled for the half of the line (455 bits) being 
written. The write address pointer increments in syn- 
chronization with WCK, regardless of W. 


OE. This signal controls read data output. When OE is 
low, read data is output on Douto-DouTs. When OE is 
high, Douto - Doutg are in a state of high impedance. 
The read address pointer is incremented by RCK, re- 
gardless of the signal level of OE. 


WCK The rising edge of WCK latches write data from 
Dino - Ding. Each time this signal is activated, the write 
bit pointer increments sequentially and 4 bits of data 


2 


are sampled and loaded into the write register. Although 
the register functions as one scan line of 910 bits, data 
is moved into and out of it in blocks of 455 x 4 bits. While 
455 serial write cycles are being executed in one-half of 
the register, the 455 addresses previously written to the 
other half are simultaneously transferred to storage. 
Writing continues in this manner, alternating between 
the two halves of the register. Automatic refreshing and 
data transfer timing decisions are made by the internal 
arbitration circuit after each block of 455 addresses has 
been written. 


RCK. The rising edge of RCK initiates read operation. 
Each time this signal is activated, the bit pointer incre- 
ments by 1 and serial read cycles are executed in the 
read register. Although the register functions as one 
scan line of 910 bits, data is moved into and out of it in 
blocks of 455 x 4 bits. While 455 serial read cycles are 
being executed in one-half of the register, the 455 
addresses previously read out of the other half are 
replaced by data from the storage array. Reading con- 
tinues in this manner, alternating between the two 
halves of the register. Automatic refreshing and data 
transfer timing decisions are made by the arbitration 
circuit after each block of 455 addresses has been read. 
In synchronous operation, WCK controls read cycles 
and RCK is not used. 


WCLR. When WLRST is high, WCLR can be brought low 
to clear the write pointers to address 0 of the data 
register and scan line 0 of the storage array. At least 
one rising edge of WCK must occur while WCLR is held 
low for a minimum of 3s to ensure clearing of both 
pointers. The clear function ends when WCLR goes 
high. If WLRST is still high, the next rising edge of WCK 
writes the data on Dyno - Ding into address 0 of the write 
register. 


RCLR. When RLRST is high, RCLR can be brought low 
to clear the read pointers to address 0 of the data 
register and scan line 0 of the storage array (asynchro- 
nous operation only). At least one rising edge of RCK 
must occur while RCLR is held low for a minimum of 
3us to ensure clearing of both pointers. The clear 
function ends when RCLR goes high. If RLRST is still 
high, the data from address 0 is read out on Douto - 
Dour3 and the next rising edge of RCK initiates data 
access from address 1. 




















WLRST. This pin is used in synchronous or asynchro- 
nous operation to reset the bit pointer to address 0 of 
the line following the one to which the signal is applied. 
In standard write operation, the scan line pointer incre- 
ments by 1 whenever the bit pointer reaches the last 
address of a line. If WCLR is high, WLRST can be 
brought low for a minimum of 3s to force an end-of- 
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line condition, whereby write cycles begin executing 
from address 0 of the next sequential scan line. When 
used in conjunction with WLH, WLRST resets the cur- 
rent scan line; when combined with WLJ, WLRST begins 
writing from address 0 of the line to which the scan line 
pointer is jumped. 








RLRST. This pin is valid in asynchronous operation and 
can be used to reset the bit pointer to address 0 of the 
read line following the one to which the signal is 
applied. In standard read operation, the scan line 
pointer increments by 1 whenever the bit pointer 
reaches the last address of a line. If RCLR is high, 
RLRST can be brought low for a minimum of 3 ys to 
force an end-of-line condition, whereby read cycles 
begin executing from address 0 of the next sequential 
scan line. When used in conjunction with RLH, RLRST 
resets the current scan line; when combined with RL, 
RLRST begins reading from address 0 of the line to 
which the scan line pointer is jumped. 











WLJ. Each positive pulse of this signal increments the 
write scan line pointer by one line (asynchronous 
operation only). WLJ is sampled at the rising edge of 
WCK. If WLU is high, a single jump is executed. If WLJ 
remains high, no further jumps occur. To jump again, 
WLJ must go low for at least one rising edge of WCK 
before going high again. It takes a minimum of two WCK 
cycles to complete a line jump. The first cycle senses 
the high level of WLJU and increments the scan line 
pointer. An additional WCK cycle with WLJ low is re- 
quired to complete the function. If more than one line 
jump is needed, then the sequence must be repeated. A 
line jump occurs either when the current line has been 
completely filled or after WLRST has reset the write 
address. The new scan line can be calculated by 
n+11+1x (where '’n” is the current line and '’x” equals 
the number of positive WLJ pulses). Changes in the level 
of WLU must be made when the bit pointer is between 
locations 229 and 909 of the current line and when 
WCLR and WLRST are high and WLH is low. 


RLJ. Each positive pulse of this signal increments the 
read scan line pointer by one line (asynchronous oper- 
ation only). RLJ is sampled at the rising edge of RCK. If 
RLJ remains high, a single line jump is executed. To 
jump again, RLJ must go low for at least one rising edge 
of RCK before going high again. It takes a minimum of 
two RCK cycles to complete a line jump. The first cycle 
senses the high level of RLJ and increments the scan 
line pointer. An additional RCK cycle with RLJ low is 
required to complete the function.If more than one line 
jump is needed, then this sequence must be repeated. 











A line jump occurs either when the current line has been 
completely read or after RLRST has reset the read 
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address. The new scan line can be calculated by 
n+ 1+x (where ”n“ is the current line and ‘’x” equals 
the number of positive RLJ pulses). 


Changes in the level of RLJ must be made when the bit 
pointer is between locations 682 and 909 of the previ- 
ous line, or between O and 452 of the current line, and 
when RCLR and RLRST are high and RLH is low. 


WLH. Once this input is applied, the write scan line 
pointer will hold its position even if successive write 
clocks are applied. The level of WLH is sampled at the 
rising edge of WCK and must be applied between 
locations 229 and 909 of the line to be held. The held 
line is released after 910 addresses have been rewritten 
or after WLRST resets the write line address. WLH is 
multiplexed with BS2 and is valid in asynchronous 
operation only. WLH (high) must be input only when 
WCLR and WLRST are high and WL is low. 


RLH. Once this input is applied, the read scan line 
pointer will hold its position even if successive read 
clocks are applied. The level of RLH is sampled at the 
rising edge of RCK and must be clocked between 
locations 682 and 909 of the line preceding the line to 
hold, or between locations 0 and 452 of the line to hold. 
The held line is released after 910 addresses have been 
read or after RLRST resets the read line address. RLH 
(high) must be input only when RCLR and RLRST are 
high and RLJ is low. RLH is multiplexed with BS3 and is 
valid in asynchronous operation only. 


WCO. When the bit pointer reaches address 909 of the 
write data register, this signal goes high for one WCK 
cycle. WCO is multiplexed with BS, and is valid in 
asynchronous operation only. 


RCO. When the bit pointer reaches address 909 of the 
read data register, this signal goes high for one RCK 
cycle. RCO is multiplexed with BS; and is valid in 
asynchronous operation only. 























BSo - BS3. These pins control the number of bits in the 
last line of the field. The combined signals of BSp-BS3 
set the line length from 896 to 910 bits in one-bit steps 
(table 1). The length of the fast line can change for each 
field, but all four pins should not be set low. BSo, BS;, 
BS» and BS3 are multiplexed with WCO, RCO, WLH and 
RLH, respectively, and are valid in synchronous oper- 
ation only. In asynchronous operation, the line length is 
fixed at 910 bits. 


LSo - LS;. These pins control the number of lines for 
one field in either synchronous or asynchronous oper- 
ation. The combined signals of LSg and LS, set the 
number of lines to 260, 261, 262, or 263 (table 2). The 
number of lines can be changed for each field. 
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MODE. This pin selects the operating mode. A low 
signal selects synchronous operation and a high signal 
selects asynchronous operation. If MODE is changed 
after power has been applied to the uPD42270, it is 
necessary to clear the address pointers by bringing 
WCLR and RCLR low. MODE can be changed at any 
time; however, data input in one mode may be unreli- 
able in the other (see table 3 for valid pin functions). 








Table 1. Line Length Adjustment 


Number of Bits 
BSo in the Last Line 


Prohibited 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 


o 
wn 
o 
Q 
LX) 
jes] 
wo 
4 
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zlxuierfer [acl cter fe l[ cy acjer yer l[ zc] ciecie 
elle lela ela ee ae Sleieleae 


Notes: 


(1) LSg- LS, and BSg - BSg must be held at a stable high or low level 
to maintain the number of bits per scan line and the number of 
sean lines per field while the line pointer indicates the position 
between lines 258 and 262. 


Capacitance 
Ta = 25°C; Vog = +5.0V +10%; GND = OV; f = 1 MHz 


Parameter - Symbol Min Typ Max Unit 
Input capacitance Cc, 5 pF 
VO capacitance Cyo 8 pF 
Output capacitance Co 7 pF 


bh 


Table 2. Line Number Adjustment 

LS, LSo Number of Lines 
L E 260 

L H 261 

H L 262 

H H 263 
Notes: 


(1) LSg- LS, and BS - BS3 must be held at a stable high or low level 
to maintain the number of bits per scan line and the number of 
scan lines per field while the line pointer indicates a position 
between lines 258 and 262. 





Table 3. Valid Pin Functions According to Mode 
Synchronous Mode Asynchronous Mode 

Pin Name (Note 1) (Note 2) 

MODE 0 : 1 

BSp/WCO BSo wco 

BS,/RCO BS, RCO 

BS2/WLH BS WLH 

BS3/RLH BS RLH 

RCLA Invalid Valid 

RCK Invalid Valid 

RLRST Invalid Valid 

WCLR Valid Valid 

WCK Valid Valid 

WLRST Valid Valid 

WLJ Invalid Valid 

RLJ Invalid Valid 

Notes: 


(1) Write and read cycles are controlled by WCLR, WCK, and WLRST 
in synchronous operation. 


(2) In asynchronous operation, write and read cycles are controlled 
independently. 


Pins Under Test 


Dino - Dina, W, OE, WCK, RCK, WGLR, RCLR, WLRST, ALAST, 
WL; RLJ, LSp - LSy, BSp/WLH, BS3/RLH, MODE 


BSg/WCO, BS,/RCO 





Dout - Dout 
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DEVICE OPERATION 


The pPD42270 supports two operating modes to ac- 
commodate various NTSC TV applications. Depending 
on the logic level of the MODE pin, the device will 
execute either synchronous or asynchronous write and 
read cycles on the addresses specified by the internal 
address pointers. When selecting the mode after power- 
on, it is necessary to reset these pointers to starting 
address 0 using WCLR and RCLR. The level of MODE 
may be changed at any time. 








Synchronous Mode 


In synchronous mode, write and read cycles are exe- 
cuted simultaneously by WCLR, WLRST, WCK, W and 
OE to create a delay line, which means that write and 
read addresses always coincide. After all lines within a 
field have been written, they then are read out as the 
device begins overwriting new data to the same ad- 
dresses again. Field length may be configured from 260 
to 263 lines and last line length from 896 to 910 bits by 
means of the LS and BS pins, respectively. Synchro- 
nous operation is useful in applications where a very 
long delay line is required and may be selected by 
setting MODE low. 








Asynchronous Mode 


In asynchronous mode, WCLR, WLRST, WCK and Ww 
control write cycles, while read cycles are controlled 
independently by RCLR, RLRST, RCK and OE. Field 
length may be configured from 260 to 263 lines using 
LSo - LS;. Line length remains fixed at 910 bits and 
BSo-BS3 are disabled to provide for the register carry 
out, line hold, and line jump functions. Asynchronous 
operation is useful for frame synchronization or time 
base correction and may be selected by setting MODE 
high. 


Address Clear. Setting WCLR and RCLR low for a 
minimum of 3yus during successive WCK and RCK 
cycles initializes the internal pointers to starting ad- 
dress O of the first scan line (RCLR is disabled in 
synchronous mode). Although address clear signals 
must meet the specifications for setup and hold times 
as measured from the rising edges of WCK and RCK, 
they are not dependent on the status of W or OE. An 
address clear cycle cannot occur in conjunction with 
WLRST or RLRST line reset cycles. 


Write Operation. Write cycles are executed in synchro- 
nization with WCK as W is held low. Bits are input 
sequentially into one of the two halves of the data 
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register before being transferred to the storage array. 
Since data is transferred into the array in blocks of 455 
x 4 bits, no data transfer occurs if W goes high to 
disable write operation before all 455 bits are written. 
Despite write operation being disabled, the internal bit 
pointer continues to increment with each successive 
write clock. 


Read Operation. Read cycles are executed in synchro- 
nization with RCK (asynchronous operation only) or 
WCK (synchronous operation only) as OE is held low. If 
OE goes high any time during a cycle, the outputs are in 
a state of high impedance until OE returns low. Since 
the internal bit pointer increments by 1 in spite of read 
operation being disabled, it is alvays important to reset 
the write and read pointers using WCLR and RCLR prior 
to beginning or resuming operation at the first address 
location in the array. 








Special Functions 


Line Reset. A line reset is similar to an address clear 
cycle, except that it only affects the bit pointers within a 
line. While WCLR and RCLR are held high, WLRST or 
RLRST can be brought low for aminimum of 3 ys during 
successive WCK or RCK cycles to reset the bit pointer to 
address 0 of the scan line. At the completion of the reset 
cycle, the next sequential scan line will be selected 
unless line hold (WLH or RLH) or line jump (WLJ or 
RLJ) are also used. See WLRST and RLRST for more 
detail. 











A combination of line reset and an address clear cycle 
must be separated by at least one serial clock cycle. 
The timing relationship of WCLR, WLRST and WCK (or 
RCLR, RLRST and RCK) is shown in figure 1. 


In asynchronous operation, WLRST and RLRST inde- 
pendently reset the write and read bit pointers. During 
synchronous operation, WLRST resets both pointers. 











Line Jump. With the line jump function, it is possible to 
advance the current write or read line position accord 
ing to the number of positive WLJ or RLJ pulses applied 
(see descriptions for the WLJ and RLJ pins). In this 
cycle, which is valid in asynchronous mode only, the 
scan line pointer resets to address 0 if the number of 
positive pulses causes the resulting line number 
(n+11+1x, where “n” is the current line number and “x” 
is the number of positive WLJ or RLJ pulses) to exceed 
the maximum line number (number of lines minus 1) 
specified by the LSg and LS, pins (table 2). 
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Line Hold. The line hold feature is available in asyn- 
chronous mode only and can be used to prevent the 
internal scan line pointers from incrementing to the next 
sequential address. The read and write line pointers 


Block Diagram 


Refresh 
Timer 


Write 
Scan 


Line 
Pointer 


Read 
Scan 


Line 
Pointer 


Refresh 
Counter 


Timing 
Generator 


Scan 
Line 
Selector 
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may be held independently; however, restrictions per- 
taining to when this function can be initiated, detailed in 
the descriptions for the WLH and RLH pins, should be 
carefully followed. 


Dino- Ding 


Write Bit Pointer Write Bit Pointer 


Write Data Register | Write Data Register 


——- 


910 Bits Per Line 


Storage Cell Array 


263 Lines 
Per Plane 


—— 


: 


eed 
Read Data Register | ReadData Register (~ si, |_ Buffer 


Read Bit Pointer Read Bit Pointer 


Douto~Douts 
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Figure 1. Separation of Clear and Reset Signals Absolute Maximum Ratings 
Supply voltage on any pin except Vo¢ relative -1.5to +7.0V 
t2twek OrtRcK to GND, Vp; 

Supply voltage on Voc¢ relative to GND, Vpo -1.5to +7.0V 

Operating temperature, Topp -20 to +70°C 

Storage temperature, Tstg ~-55 to +125°C 

WCLEVACLR Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.5 W 


WLRS/RLRST 
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Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 























Parameter Symbol Min Typ Max = Unit 
Supply voltage Voc 4.5 5.0 5.5 V 
Input voltage, high Vin 2.4 Voc Vv 
Input voltage, low Vit -15 0.8 V 
Ambient temperature Ta -20 70 °C 

DC Characteristics 

Ta = -20 to +70°C; Vog = +5.0 V 10%; GND = OV 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current tie -10 10 HA Vin = OV to Veg; all other pins not under test = OV 

Output leakage current lo. -10 10 HA Dout disabled; Vout = OV to Voc 

Output voltage, high Vou 2.4 Vv lon = -1 mA 

Output voltage, low VoL 0.4 V lo. = 2mA 

Standby current loc 6 20 mA WCK, RCK = Vi. 

Operating current loco 40 80 mA twek = twex (min); tack = tack (min) 

AC Characteristics 

Ta = -20 to +70°C; Veo = +5.0 V £10%; GND = OV 

Parameter Symbol Min Max Unit Test Conditions 

Access time from RCK tac 40 ns 

Write clock cycle time twoKk 60 ns (Note 5) 

Write clock active pulse width twow 20 ns 

Write clock precharge time twop 20 ns 

Read clock cycle time tack 60 ns (Note 5) 

Read clock active pulse width trow 20 ns 

Read clock precharge time trop 20 ns 

Output hold time ton 5 ns 

Output low impedance delay tz 5 40 ns (Note 6) 

Data output buffer high impedance delay tyz 5 40 ns (Note 7) 

Input data setup time tps 15 ns 





os | 
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AC Characteristics (cont) 








Parameter Symbol Min Max Unit ~—_ Test Conditions 
(RCK) 

WLRST (RLRST) low level valid time tLRST 3 Hs 

W setup time before the rising edge of WCK tws 20 ns (Note 9) 

W hold time after the rising edge of WCK . twH 3 ns (Note 9} 

W valid hold time after subline (1/2) switch twni 5 ns (Note 9) 

W valid setup time before subline (1/2) switch twn2 20 ns (Note 9) 
WLH (RLH) setup time before the rising edge of WCK (RCK) tLHs 20 ns 

WLH (RLH) hold time after the rising edge of WCK (RCK) tLHH 3 ns 

WLH invalid hold time measured from the end of write cycle 227 tWwHN1 5 ns 

WLH invalid setup time measured before write cycle 0 tWHN2 20 ns 

RLH invalid hold time measured from the end of read cycle 681 tRHNi 5 ns 

RLH invalid setup time measured before read cycle 453 tRHN2 20 ns 

WLJ (RLU) setup time before the rising edge of WCK (RCK) tlus 20 ns ; 
WLJ (RLJ) hold time after the rising edge of WCK (RCK) tLuH 3 ns 

WLJ hold time measured from the end of write cycle 227 twuN1 5 ns 

WLJ setup time measured before write cycle 0 twJN2 20 ns 

RLJ hold time measured from the end of read cycle 681 taunt 5 ns , 
RLJ setup time measured before read cycle 453 tRuN2 20 ns 

OE setup time before the rising edge of RCK (WCK) toEs 20 As. (Note 9) 

OE hold time after the rising edge of RCK (WCK) toEH 3 — ns (Note 9) 

OE valid hold time after the rising edge of RCK (WCK) toEN1 5 ns ‘(Note 9) 

OE valid setup time before the rising edge of RCK (WCK) toEN2 20 ‘ns (Note 9) 

LS, BS setup time before WCK (RCK), line 258 tess 0 ns 

LS, BS hold time after WCK.(RCK), line 0 tEsH 3 Us 

Write carry output high level delay tWCLH - . 40 _ ns 


NEC 
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AC Characteristics (cont) 


Parameter 


Write carry output low level delay 


Read carry output high level delay 


Read carry output low level delay 


Transition time 


Notes: 


(1) 
(2) 
(3) 


(4) 


(5) 


(6) 


All voltages are referenced to GND 
Ac measurements assume ty = 5 ns. 


Input timing reference levels = 1.5 V; input levels are measured 
between GND and 3.0 V; output levels are measured between 0.8 
and 2.0 V. See figures 2 and 3. 


Vin (min) and Vj, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vit: 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = —20 to 70°C) is assured. 


This delay is measured at-200 mV from the steady-state voltage 
with the load specified in figure 5. 


This delay is measured at the maximum steady-state output 
high voltage -200 mV or the minimum steady-state output low 
voltage +200 mV with the load specified in figure 5. 


(8) 


(9) 


(10) 


Symbol Min Max Unit Test Conditions 
tWCoHL 40 ns 

tacLH 40 ns 

tRCHL 40 ns 

tr 3 35 ns (Note 4) 


For proper execution of the pointer clear and line reset functions, 
specifications for tog, tcH, tent ton2 ttrs tLRH tlaN1 and 
tLRN2 must be met; otherwise, these functions may not affect the 
desired cycles or may affect adjacent cycles erroneously. 


If a W (or OE) pulse does not satisfy the specifications for tws, 
two: twn1 and twwe (or toes, toEH toEN1 and tog 2), the write 
disable function (output high impedance) being executed may 
not affect the desired cycles or may affect adjacent cycles 
erroneously. 


For the PD42270 to read new data, read operation must be 
delayed from write operation by at least 920 cycles. In those 
cases where the delay is less than 920 cycles, read data will vary 
as shown below: 


Delay Between Write 


Source of Read Data and Read Operation 


Old data 0 to 450 cycles 
Indeterminate (either old or new data) 451 to 919 cycles 
New data 920 or more cycles 
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Figure 2. Input Timing 
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Figure 3. Output Timing 





Figure 4. Output Loading for tac, ton, twcin: twent; tac ns tRCHL 





831H-6702B 


Figure 5. Output Loading for t, 7 and tyz 
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Timing Waveforms 


Synchronous Write/Read Cycle 


PINT a a yy VY VY YY VY YY 





AN ANG AXED AX AW A AY Oe AD AO AO Oe A A AO A a 


TOEN2 





High Impedance 





{1] In synchronous mode, output data is delayed by one field from the input data. 

[2] WLRST = WCLR = Vj}. MODE = Vj. LSgand LS 4 = Vj or Vy_- RLRST, 
RCLR, and RCK are “don't care” inputs. 

[3] BSg- BS3 = Vi, Or Viz. 

[4] Data is transferred into and out of the data registers in blocks of 455 x 4 bits. 
When W goes high before all 455 words are input, write operation is disabled 
and none of the words are transferred to the storage array. 
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Timing Waveforms (cont) 


Asynchronous Write and Read Cycles 


neon XOX KO EO 


High Impedance 
DouToPouTs = 


Notes: 

[1] WCLR = RCLR = Vy. WLRST = RLRST = Vjz4. MODE = Viyq. 

[2] RLU, WLU, WLH, and RLH = Viy or Vit. LS and LS 4 = Vy or Vy. 

[3] Data is transferred into and out of the data registers in blocks of 455 x 4 bits. 
When W goes high before all 455 words are input, write operation is disabled 
and none of the words are transferred to the storage array. 
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Timing Waveforms (cont) 


Synchronous Pointer Clear Cycle 





tps 


Dino-D ing Ny: 











tpH 
a (XA) KXKAAKAKAAAAA) (KA) (KX) \A 
ROOK” OX 2 ROK ORK 2 XY 










Dout6-PouTs 





Notes: 
[1] W= OE = Vi_. MODE = Vj. 

[2] LSo and LS4 = Vjy or Vi_. BSg, BS 4, BSo and BS3 = Vy orV 4. 
[3] RLRST, RCLR, and RCK = don't care. 

{4] WLRST = Vjpy during the clear cycle. 
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Timing Waveforms (cont) 


Asynchronous Pointer Clear Cycle 


Dino-D ing 


Douro Pours XK 2 ONE me -1 XK IROOM 2 O_O) 


Notes: 

(1] W = OE = Vj_. MODE = Vy. WLRST and RLRST = Vij during clear pulse. 
[2] LSg and LS4 = Vjy or Viz. 

[3] WLH, RLH, WLU and RLJ = Vi; during clear pulse. 
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Timing Waveforms (cont) 





Synchronous Line Reset Cycle 









Dino-D ing 


DoutoPouts 







[1] WCLR = Viyy. W, OE and MODE = Vj. 
[2] LSg and LSy = Vyy or Vi_. BSg— BS3= Vipor Vy. 
[3] RCLR, RLRST, RCK, WLJ, RLJ = don't care. 
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15 


pPD42270 N: KE Cc 


Timing Waveforms (cont) 


Asynchronous Line Reset Cycle 





WLRST 


' DinNo-O Ina 


Douto-Pours 


Notes: 
[1] WCLR, RCLR and MODE = Vy. WLH, RLH, WLJ, and RLJ = Vy, during a 
reset cycle. 
[2] LSo andLSy =Vi,. 
{3] W=OE=Vq.. 
83VB-7094B 
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Timing Waveforms (cont) 


Write Line Jump Cycle 






VIH 







MODE 





Notes: 
[1] RCLR, RLRST, RCK, RLH, RLJ, W, and OE = don't care. 
[2] K and K’ = 229 to 909 of line n. 

[3] WLRST and WCLR = Vi. 

[4] LSg and LSy = Vjy or Vic. 







83VB-7095B 






Read Line Jump Cycle 


Line n — 1—$ 
681 


Notes: 
[1] WCLR, WLRST, WCK, WLH, WLJ, W, and OE = don't care. 


[2] J and J' = 0 to 452 of line n or 682 to 909 of line n — 1. 
[3] RLRST and RCLR = Vip. 


[4] LSg and LS1 = Vjyor Vic. 
83VB-7096B 
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Timing Waveforms (cont) 





Write Line Hold Cycle 


tLHS tLHH 


Oo 


; ans 


ViH 
ne , ee 


MODE 
Notes: 
[1] RLRST, RLJ, W, RLH, OE, RCLR, and RCK = don't care. 
[2] K = 229 to 909, 
[3] WLRST = Viy. WL = Vic. 
[4] LSg and LSy = Viyjor Vy. 
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Read Line Hold Cycle 





Line n - 1-———_$$—-————_—_—— Line n 


Line n 
tLHH tTRHN2 


VIH 


Notes: 
[1] WLRST, WLJ, W, WLH, OE, WCLR, and WCK = don't care. 
[2] J = 682 to 909 in (n - 1)" or 0 to 452 in nthiine. 
[3] RLAST = Vy. RLJ = Vjp. 
[4] LSq and LS; = Vipor Vi. 
83VB-7098B8 
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Timing Waveforms (cont) 


Synchronous Field Buffer Size Adjustment 


BSq- BS3 
LSq-LS; 


Notes: 

[1] WLRST and WCLR = Vy. 

[2] MODE = Vj, . 

[3] RLRST, W, RCK, RCLR, and OE = don't care. 


Asynchronous Field Butter Size Adjustment 


—Line 257 
909 


LSg-LSy 


Notes: 

[1] WCLR, RCLR, WLRST, and RAST = Vin. 
{2] MODE = ViH. WLJ and RLJ = VyL. 

[3] W, OE, WLH, and RLH = don't care. 


Stable 
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Stable 
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Timing Waveforms (cont) 





Write Register Carry Out 


Notes: 
[1] MODE, WCLR, RCLR, WLRST, RLRST = V jy 
[2] LSg and LS4 = Vyor Vi. 
[3] OE, W, WLH, RLH, WLJ, RLJ = don't care. 
83vB-7101B 





Read Register Carry Out 


Line m+ 1 


Notes: 


[1] MODE, WCLR, RCLR, WLRST, RLRST = V jy. 
[2] LSg and LSq = Vjyor Vi 
(3] OE, W, WLH, RLH, WLJ, RLJ = don't care. 
83VB-7102B 
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APPLICATION EXAMPLES 
Delay Line 


The synchronous mode may be used to create a full- 
field delay line with a fixed length (figures 6 and 7). 
Useful video applications include field interpolation, 
interframe noise reduction, and separation of lumi- 
nance (Y) and chrominance (C) signals. In these appli- 
cations, field buffer size is determined by the logic 
levels applied to pins LS - LS; and BSp - BS3. The 
former allows variation of the number of lines from 260 
to 263, while the latter controls the actual line length at 
896 to 910 bits for the last line. The actual delay between 
data being written into Djj and read on Dour is con- 
trolled by the WCK clock period and the con figured 
size of the buffer. 


Frame Synchronization or Time Base Correction 


The PD42270 has the capability of executing asyn 
chronous write and read cycles by independently 
clocking WCK and RCK, respectively. The feature is 


Figure 6. Example of Delay Line 


Data 
Output 


Notes: 


»PD42270 


uPD42270 


useful in applications requiring frame synchronization, 
time base correction or buffering, where WCK, RCK, 
WCLR and RCLR may all have variable time periods. In 
addition, the write carry out (WCO) and read carry out 
(RCO) options give a positive indication when the bit 
pointer reaches the end of the line. 





Vertical or Horizontal Image 
Compression and Expansion 


Vertical compression and expansion of the video im- 
age may be accomplished by means of the line jump or 
line hold functions. Compression occurs when WLJ or 
RLJ are used to jump over lines that are not to be 
displayed. Expansion occurs when the WLH or RLH 
line hold signals are used to display a line multiple 
times. 


Horizontal compression and expansion can be 
achieved by modifying the cycle time of the WCK and 
RCK clocks, and by using the WLRST and RLRST line 
reset signals. 








BS4/RCO 


BS /WCO 


(1) W, OE, MODE, WL, and RLH = VIL. 
(2) BSo- BS3,LS 0 -LS1, WCLR, and WLRST = Vj. 
(3) RCK, RCLR, and RLRST = don't care. 
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& Figure 7. Delay Line Timing 


wa VANSS 
WCLR \ 


— 





Notes: 


[1] J=910n+m. 

{2} n = 259, 260, 261, or 262. 
[3] m = 896 to 910. 

[4] MODE, W, and OE = Vj, 
[5] WLRST and WCLR = Vy. 


[6] BSg-E BSg and LSg-Ls LS y= Vyyor Viz. 


(7] RLRST, RCK, and RCLR = dont care. 
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Figure 8 Example of Frame Synchronization/Time Base Correction 





GND 
Read Clock 


Write Clock 
Read Clear 


Write Clear BS /RLH 
3 
a7 
CC BS» /WLH 
Voc 


GND Vcc 
Read Carry Out 


Write Carry Out 


BS /RCO 


= 
npmo — 


Data 
Input 


Data 
Output 


—_ at 
Pw 


Notes: 
(1) W, OE, WLJ, RLJ, WLH, and RLH = Vi. 
(2) LSg—LS4, MODE, WLRST, and RLRST = Vip. 
83VB-71058 





Figure 9. Asynchronous Read/Write Timing for Frame Synchronization or Time Base Correction 


DouTto-PouTs 


Notes: 

[1] MODE, WLRST, and RLRST = Vip. 
[2] Wand OF = Vy. 

[3] LSq and LSy =Vjy or Vy. 


[4] WLH, RLH, RLJ, and WLJ = Vy. sean 
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NEC Electronics Inc. Picture-in-Picture Generator 


October 1991 


Description Pin Configuration 


The pPD4227x (42271 and 42272) is a picture-in-picture 
generator designed for use in NTSC and PAL broad- 
casting systems. Picture-in-picture describes the de- 


64-Pin Plastic QFP 


vice’s ability to combine multiple video signals into a Balk 5 5 
single signal for display on a television monitor, for i id 0266 
input to a VCR, or for use in any manner that a single ala Nooo 
video signal is used. The format may be selected so 38 ee se 
that one primary picture is displayed over the entire YSwW DOY g (LSB) 
picture area. The other subpicture(s) can then be su- RSW DOY, 
perimposed onto the primary one to allow multiple BSW DOY 2 
picture sources to be viewed simultaneously. ADOK DOYs 

(LSB) Dig DOY, 
The picture-in-picture generator is available in two Diy DOY 5 (MSB) 
versions. The uPD42272 is the full-featured version that Dig DORg (LSB) 
can display a border in one of four colors around the Dig DOR 
subpicture. The uPD42271 has exactly the same fea- Dig VDD 
tures except that it is not able to display a border | (M88) O's DOR? 
around the subpicture. ltee ae 

DOR3 

The pPD4227x has an onboard controller, field storage, DOR, 
buffer storage, two line buffers, and two oscillators. DORs (MSB) 
The controller sets the timing, performs vertical filter- DOB 9 (LSB) 


DOB; 
DOBo 
DOB3 
DOB 4 


ing, and stores and retrieves subpicture signal(s) for 
insertion into the primary picture signal. A line of the 
subpicture signal is placed in buffer storage before 
being written into field storage, which contains that 
portion of the signal to be displayed. The line buffers 
store a weighted average of three lines of the subpic- 
ture signal to provide vertical filtering, while the on- 
board oscillators facilitate interfacing to the uPD4227x. 


BLANK L] 31 


sTILL (130 
(MSB) DOBs CJ 32 


SOSCO (J 26 
SOSCI L} 27 





The level of integration provided by the wPD4227x 
means that picture-in-picture can be achieved more 
quickly and easily than with standard video buffers and Features 
control circuitry. 


OQ NTSC and PAL compatibility 
‘ : QO Built-in vertical filter 
Ordering Information O Selectable subpicture display size 
Subpicture Q 134,676-bit field buffer and two line buffers 
erehaopet Frame Bordet ~-Package QO Built-in input and output oscillators 
uPD42271 AGF-3BE No 64-pin plastic quad flatpack O Four selectable screen positions 
uPD42272AGF-3BE Vas Q Four-color selection of subpicture frame border 


(uPD42272 only) 

Selectable freeze-frame display 
Automatic self-refreshing 

6-bit resolution of Y, R-Y and B-Y signals 
Low power consumption of 75 mA max 
CMOS silicon-gate fabrication process 
Three-state outputs; TTL-compatible 1/O 
Single + 5-volt power supply 


ooaanonana 
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Absolute Maximum Ratings 
Ta = 25°C 


Pin voltage, V7 -0.1 to Vpp + 0.5 V 


Supply voltage, Vpp -0.1 to +7.0V 
Output current, lo 50 mA 
Operating temperature, Topr -20 to + 70°C 


Storage temperature, Tgtg -55 to + 125°C 


Table 1. Description of Features 


Feature Description 
Field memory capacity 7,568 words by 8 bits (86 x 88) 
Quantization 6 bits 


Frame colors White, yellow, light blue, green 


(uPD42272 only) 


Top left, bottom left, top right, 
bottom right 


Screen positions 


Field-to-field line offset 
sampling processing 


Adjusts the starting location of the 
first line of a field to increase vertical 
resolution 


Line array correction Adjusts lines between even and odd 


fields 


Allows insertion or removal of 
subpicture 


Display ON/OFF switching 


Still picture display Freezes the subpicture display 


NEC 


Table 2. Subpicture Display Area 


Full Screen 


Video Standard Display (1/9) 80% Screen Display (1/12) 
NTSC 49.3 us x 74 lines 41.3 ps x 62 lines 
PAL 49.3 us x 87 lines 41.3 us x 73 lines 


Table 3. Sampling Rate 


Signal Input Output 
Y 3 MHz 9 MHz 
R-Y 0.75 MHz 2.25 MHz 
B-Y 0.75 MHz 2.25 MHz 


Table 4. Sampling Sequence 
oe a am a foe a 


Table 5. Average Vertical Filtering 


Line Number Coefficient 
n-1 1/4 
n 1/2 
n+ 1 1/4 





Notes: 


(1) n = line to be sampled. 
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Block Diagram 


[> DOYg- DOYs 
[> DOR9- DORs 
[> DOB - D0Bs 


: ‘ Field Storage 
Serial to : Line Storage F 
Parallel Vertical 9 87 Lines 


Filter ixe 86 Pixels/Line 
Converter 18 Bits/Pixel 


Selector 


Write Read Write Read Refresh 
Address Address Address Address Address 
Counter Counter Counter Counter Counter 


Address Correction 





BLANKING 
input Controller Mvs Output Controller YDACK 
& & 
Oscillator Oscillator RDACK 


BDACK 


RCK 
MFC 
MFDIS 
FDE 
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Pin Identification 


Symbol 
ADCK 
BDACK 


BLANK 
BSW 


Dig - Dis 
pISP 
DOBo - DOBs 
DOR - DOYs 
DOY - DOYs 
FC and FC, 
FDE 

HPS 

MFC 

MFDIS 

MHS 

MOSCI 
MOSCO 
ws 

N/P 

RCK 

RDACK 


RSW 


SFC 
SFDIS 

SHS 
SIZE 

sOscl 
SOSCO 
STILL 

svs 
TESTo - TEST» 
VPS 

YDACK 


YSW 


Vpp 
GND 


Function 
Analog/digital clock output 


Digital/analog clock for B-Y component signal 
output 


Main picture blanking output 


Dio - Dis output enable for B-Y component 
signals 


Multiplexed B-Y, R-Y, and Y data inputs 
Subpicture on/off input 

B-Y data outputs 

R-Y data outputs 

Y data outputs 


’ Frame color selection input 


Field distinction data enable input 
Horizontal position input 

Main picture field correction input 

Main picture field distinction input 

Main picture horizontal synchronous input 
Main picture oscillator input 

Main picture oscillator output 

Main picture vertical synchronous input 
NTSC/PAL switching input 

Read clock output 


Digital/analog clock for R-Y component signal 
output 


Dio - Dis output enable for R-Y component 
signals 


Subpicture field correction input 
Subpicture field distinction input 
Subpicture horizontal synchronous input 
Size selection input 

Subpicture oscillator clock input 
Subpicture oscillator clock output 
Freeze frame input 

Subpicture vertical synchronous input 
Test terminals 

Vertical position input 


DigitaVanalog clock for Y component signal 
output 


Dlg - Dis output enable for Y component signals 
+5-volt power supply 


Ground 


Pin Functions 


ADCK. Y, R-Y and B-Y component signals selected with 
the analog switch are converted from analog to digital 
data in synchronization with this 6 MHz sampling 
clock. Digitized component signals are sequentially 


input to the Dlg - Dis pins, also in synchronization with 


this clock. 


BDACK. Digitized B-Y component signals are output 
from the DOBo - DOBs pins in synchronization with this 
2.25 MHz sampling clock. 


BLANK. When high, this output signal blanks the main 
picture, enabling the subpicture to be displayed. 


BSW. A high logic level on BSW (while RSW and YSW 
are low) enables the Dlo - Dis pins to be used for 
receiving 6-bit B-Y data from the A/D converter. 


Dip through Dis. These multiplexed pins are used for 
6-bit digitized subvideo input, either B-Y, R-Y or Y, 
depending on the levels of BSW, RSW and YSW. Dlp is 
the least significant bit and Dls is the most significant 
bit. 


DISP. This pin controls the BLANK signal. A high logic 
level enables BLANK, while DISP low inhibits it. The 
level of DISP has no effect on the DOBg - DOBs, DORo 
- DORs, and DOYg - DOYs pins. 


DOB, through DOBs. These pins are used for 6-bit B-Y 
color difference output and depend on the status of 
BDACK. When no B-Y data is being output, the pins are 
in high impedance. 


DORo through DORs. These pins are used for 6-bit R-Y 
color difference output and depend on the status of 
RDACK. When no R-Y data is being output, the pins are 
in high impedance. 


DOY, through DOYs. These pins are used for 6-bit Y 
luminance output and depend on the status of YDACK. 
When no Y data is being output, the pins are in high 
impedance. 


FCo and FC;. The combination of signals from these 
pins is used to specify subvideo frame color, as shown 
below: 


Pin White Light Blue Yellow Green 
FCp high low high low 
FC, high high low low 
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FDE. This pin is used to select external or internal field 
distinction. FDE high enables external field distinction, 
while FDE low inhibits the MFDIS and SFDIS pins and 
causes field distinction to be executed internally. 


HPS and VPS. These horizontal and vertical input pins 
specify positioning of the subpicture. One of the four 
corners on the main picture can be selected by com- 
bining the input levels on HPS and VPS, as shown 
below. 


Pin Top Left Bottom Left Top Right Bottom Right 
HPS high high low low 
VPS high low high low 


MFC. Fields of the main picture are distinguished by 
the uPD4227x based on the phase relationship of the 
MHS and MVS signals. Field distinction may therefore 
be distorted if the signals are not in proper phase. In 
these cases, a high logic level on MFC can be used to 
reverse field distinction. MFC low has no effect on field 
distinction. 


MFDIS. The even and odd fields of the main picture 
signal are distinguished based on the phase relation- 
ship of MHS and MVS. MFDIS can be used to provide an 
external signal indicating either an odd (high) or even 
(low) field. 


MHS. This pin is used to input a horizontal synchroni- 
zation signal for the main picture. The internal read 
clock oscillator is synchronized to the rising edge of 
MHS and increments the field buffer’s read address 
counter, which is used to determine the horizontal 
display size and position of the sub picture. 


MOSCI. This pin is used as an oscillator input for the 
main picture read clock. To use the internal oscillator, 
an external coil and capacitor must be installed. Alter- 
natively, an 18 MHz external clock may be input to 
MOSCI. 


MOSCO. This pinis used as an output for the feedback 
circuit of the main picture’s internal oscillator. 


MVS. This pin is used to input a vertical synchroniza- 
tion signal for the main picture. The falling edge of MVS 
resets the field buffer’s internal read address counter, 
which is used to determine the vertical display size and 
position of the subpicture. 


N/P. A high logic level on this pin selects NTSC com- 
patibility and a low selects PAL. 


RCK. This pin is used as an output for the subpicture 
read clock, which is derived from MOSCI and MOSCO. 
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RDACK. Digital R-Y component signals are output from 
the DOR  - DORs pins in synchronization with this 
2.25 MHz sampling clock. 


RSW. A high logic level on RSW (while BSW and YSW 


are low) enables the Dlg - Dis pins to be used for 
receiving 6-bit R-Y data from the A/D converter. 


SFC. The uPD4227x distinguishes subpicture fields 
based on the phase relationship of the SHS and SVS 
signals. Field distinction of the subpicture may there- 
fore be distorted if the signals are not in phase. SFC 
high can be used to reverse field distinction. SFC low 
has no effect on field distinction. 


SFDIS. The even and odd fields of the subpicture sig- 
nal(s) are distinguished based on the phase relation- 
ship of the SHS and SVS signals. This pin can be used 
to provide an external signal indicating either an odd 
(high) or even (low) field. 


SHS. This pin is used to input the horizontal aonb: 
nization for the subpicture. The rising edge of this clock 
is used to synchronize the internal write clock oscilla- 
tor which is then used to increment the write address 
counters for the line buffers and the field buffer. 


SIZE. This input is used to specify size of the subpic- 
ture display area. SIZE high sets a full screen display 
and occupies 1/9 of the main picture. SIZE low displays 
80% of the subpicture and occupies 1/12 of the main 
picture. 


SOSCI. This pin is used as an oscillator input for the 
subpicture write clock. To use the internal oscillator, an 
external coil and capacitor must be installed. Alterna- 
tively, an 6 MHz external clock may be input to SOSCI. 


SOSCO. This pin is used as an output for the feedback 
circuit of the subpicture’s internal oscillator. 


STILL. A high logic level selects a still picture, while 
STILL low selects a moving picture. 


SVS. This pin is used to input the vertical synchroniza- 
tion signal for the subpicture. The falling edge of this 


signal resets the internal write address counters for the 


line buffers and the field buffer. 
TEST  - TEST>. These are test pins and must be open. 


YDACK. Digital Y component signals are output from 
the DOYp - DOYs pins in synchronization with this 
9 MHz sampling clock. 


YSW. A high logic level on YSW (while BSW and RSW are 
low) enables the Dlg - Dis pins to be used for receiving 
6-bit Y data from the A/D converter. 
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Application 


The following block diagram illustrates one applica- 
tion for the uPD4227x in an NTSC television system. 


The video signals for the subpicture are separated into 
Y, B-Y, and R-Y component signals and horizontal and 
vertical synchronization signals by the uPC1402 de- 
coder. The Y, B-Y, and R-Y component signals are input 
in parallel to the uPC661 A/D converter, after which 
they are switched to the sequence Y, R-Y, Y, -, Y, B-Y, Y, - 
using time-division multiplexing and converted to dig- 
ital signals. In this instance, timing for the Y, R-Y, and 
B-Y conversion process is regulated by the uPD4227x. 


Application Example 


After the uPD4227x receives the 6-bit digital data output 
by the pPC661, it compresses the subpicture data and 
stores one field. The output signals are sent by the 
pPD4227x to the uPC662, which contains three D/A 
converters assigned respectively to the Y, R-Y, and B-Y 
signals. If the analog component signals output by the 
D/A converters are to be used by the TV, they then are 
converted to an RGB signal by the wPC1364 matrix 
circuit. If they are to be used by the VCR, they are 
combined with the main picture signal after being 
converted into composite signals in the encoder cir- 
cuit. 


r--cc 


Video Primary Video Signal 
Switch 


Subvideo 
Signal 


Video Separator: 


* Video Signal (Y) 

« Chrominance Signals 
* Horizontal Sync 

* Vertical Sync 


Multipiexer 
and 6-bit 
Analog/Digital 
Converter 
(wPC661) 


PC1402 (NTSC) 
PC1423 (PAL) 


Horizontal Sync j 





(wPD42272) 


TV Signal Mixer RGB 
Processing Circuit 


pPC1417 Driver 


Picture-in Picture 
Generator 


Triple 6-bit 
Digital/Analog 
Converter 
(uPD662) 


RGB 
Matrix 
(uPC1364) 
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Recommended Operating Conditions 











Parameter Symbol! Min Typ Max Unit Conditions 
Supply voltage Vpop 45 5.0 5.5 V 
Input voltage, high Vin 2.4 Vop + 0.5 V 
Input voltage, low ViL -1.0 0.8 V 
Input oscillation frequency fosc IN 6 MHz 
Output oscilllation frequency fosc OUT 18 MHz 
Horizontal synchronizing pulse width fusync 48 us SHS and MHS pins 
Ambient temperature Ta -20 70 °C 
DC Characteristics 
Ta = -20 to + 70°C; Vpp = +5.0 V +10% 
Parameter Symbol Min Typ Max Unit Conditions 
Supply current 75 mA fosc IN = 6 MHz; fosc out = 18 MHz 
Input leakage current -10 10 HA Vin = 0 V to Vpp; all other pins not under test = OV 
Output leakage current -10 10 uA Outputs disabled; Voyt = 0 V to Vop 
Output voltage, high 2.4 V lon = -1 mA 
Output voltage, low 0.4 V lop = 2mA 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Min Typ Max Unit Pins Under Test 
Input capacitance C; 5 pF All inputs except SOSC! and MOSC!I 
Output capacitance Co 7 pF All outputs except SOSCO and MOSCO 
Oscillator input capacitance Csosc} 8 pF SOSCI 
Cmoscl 10 pF MOSCI 
Cgosco 8 pF SOSCO 
Cmosco 10 pF MOSCO 
AC Characteristics 
Ta = -20 to +70°C; Vpp = +5.0V +10% 
Parameter Symbol Min Typ Max Unit Conditions 
ADCK pulse width, low taDL 70 ns 
ADCK pulse width, high taoH 70 ns 
YDACK pulse width, low tYDAL 50 ns 
YDACK pulse width, high tYDAH 50 ns 
RDACK pulse width, low tRDAL 200 ns (Note 7) 
RDACK pulse width, high tRDAH 200 ns (Note 7) 
BDACK pulse width, low taDAL 200 ns (Note 7) 
BDACK puise width, high tapaH 200 ns (Note 7) 
RCK pulse width, low troKL 25 ns 
RCK pulse width, high tRoKH 25 ns 
Data input setup time tos 25 ns 
Data input hold time tbH 30 ns 
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AC Characteristics (cont) 





‘Typ Max : Unit 





Parameter. Symbol Min Conditions 

Y data access time tacy _5 ns . 

Y data hold time tony 20 . ns 

R-Y data access time tacr 7(RCK) + 25 ns 

R-Y data hold time tour 20 c ns 

B-Y data access time tacB 7(RCK).+ 25 ns 

B-Y data hold time: toHB 20 . . ns 

Output low impedance time . tLz 5 100 ns (Note 4) 

Output high impedance time tuz 5 100 ns (Note 4) 

YSW, RSW, BSW low hold time from ADCK tew1 5 30 ns 
- YSW, RSW, BSW high hold time from ADCK tswe 5 30 ns 

Rise and fall transition time ty 3- 35 ‘ns 


Notes: 
(1) All voltages are referenced to ground. 
(2) Ac measurements assume ty = 5 ns. 


(8) Vip (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Ving and Vit. = : : 


(4) torg¢ (max) defines the time at which the output becomes 
open-circuit and is not referenced to Voy or Vo,. 


Figure 1. Input Timing 
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Figure 2. Output Timing 








(5) The input/output signal reference level is 1.5 V. 
(6) fosc in equals 6 MHz; fogc our is 18 MHz. 


(7) The frame border output period is either 0.5 or 1.5 times as large 
as the standard value. 


(8) tLz = tyz. 


Figure 3. Output Load 
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Description 


Serial/Parallel Converter (S — P). Converts the seri- 


ally input 6-bit Y, R-Y, and B-Y subpicture signals into 
18-bit parallel Y e R-Y e Y or Y * B-Y e Y signals, and then 
outputs them. 

Vertical Filter. Executes averaging cycles and con- 
sists of two sets of line memory and an arithmetic 
circuit. If any one of the three lines is extracted to 
compress the screen vertically, the lines may become 
distorted on the screen. By averaging the data of the 
appropriate line with the preceding and succeeding 
lines, the filter prevents distortion. 


Buffer Memory. Stores subpicture signals input during 
read operation and has a one-line capacity of 86 words 
by 18 bits. 


Field Memory. Stores one 7,568-word by 18-bit field of 
a subpicture. Data is written into field memory when no 
subpicture is being displayed. 


Buffer Memory Write Address Counter. Supplies write 
addresses to the buffer memory. 


Buffer Memory Read Address Counter. Supplies read 
addresses to buffer memory in synchronization with 
the field memory write address counter and remains in 
standby during a field memory read cycle. 


Buffer Memory Address Selector. Alternately outputs 
write and read addresses to buffer memory. 


Field Memory Write Address Counter. Supplies write 
addresses to field memory and consists of horizontal 
and vertical address counters, the former of which is 
synchronized with the buffer memory read address 
counter The counter remains in standby during a 
memory read cycle. When the address reaches its 
maximum value, the counter stops counting. 


Field Memory Read Address Counter. Supplies read 
addresses to field memory and consists of horizontal 
and vertical address counters. Data read from field 
memory always takes priority over data written to it. 
Thus, the counter never enters standby in normal 


Operation. When the address reaches its maximum 


value, the counter stops counting. 


Refresh Address Counter. Supplies-refresh addresses 
to field memory. When write/read operation to field 
memory terminates, this counter refreshes the memory 
location corresponding to its current value. The 6 MHz 
input clock is frequency-divided and supplied to the 
counter. It remains in standby while data is being read 
from or written into field memory. When the address 
reaches its maximum value, this counter stops count- 
ing and the address returns to the initial address. 


Field Memory Address Selector. Alternately supplies 
the write, read, and refresh addresses. 


Output Data Selector. Switches the subpicture signal 
read from field memory with the frame color signal 
selected by FCp and FC; and outputs the signal. This 
selector also concurrently executes parallel/serial con- 
version (12 bits — 6 bits) of the Y subpicture signal. 


Input Controller and Oscillator. Controls the subpic- 
ture signal until it is written into field memory. This 


circuit oscillates the 6 MHz input clock synchronously . 


with SHS. Using this clock as the reference, the circuit 
controls vertical filtering, i.e., buffer memory write/read 
operation, and field memory write operation. This 
circuit also generates the ADCK, YSW, RSW, and BSW 
control signals transmitted to the 6-bit A/D converter. 


Output Controller and Oscillator. Controls the sub- 
picture signal during the time inwhich the signal is read 
and then output from field memory. This circuit oscil- 
lates the 18 MHz output clock synchronously with MHS. 
Using this clock as the reference, the circuit controls 
field memory read operation and the data selector, and 
also generates the YDACK, RDACK and BDACK control 
signals transmitted to the 6-bit D/A converter. The 
BLANK and RCK signals are also generated by this 
circuit. 


OPERATION 
Writing the Subpicture Signals 


Subpicture signals are converted by the 6-bit uPC661 
A/D converter into digital data, and then input from DI. 


‘At this time, the subpicture signals are sequentially 


switched with the YSW, RSW, and BSW data switching 
signals and serially sampled as shown in table 4. 


The (-) data is not actually transferred. Subpicture 
signals are converted by the serial/parallel converter 
into 18-bit Y e R-Y e Y or Y e B-Ye Y data. They are then 
averaged by the vertical filter, whose configuration is 
shown in figure 5. 


After being averaged by the vertical filter, the subpic- 
ture signals are extracted line by line from the three 
lines. They are then written into buffer memory. Once 
field. memory read operation terminates, the subpic- 
ture signals are subsequently read from buffer memory 
and written into field memory at a rate of 1.5 MHz. 


Two types of subpicture write areas, one for NTSC 
applications and the other for PAL, are shown in figures 
6 and 7. The odd and even fields deviate by one line in 
the vertical write area to enable field-to-field line offset 
sampling and improve vertical resolution. 
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Figure 5. Vertical Filter Configuration 


Subpicture Signals 


Line Memory 





Figure 6. NTSC Subpicture Write Area 


SHS 


SVS 


222H 


15.5H | (14.5 H) 


oe Even Field 


Odd Field 





Reading the Subpicture Signals 


After being written into field memory, subpicture sig- 
nals are read synchronously with the signals from MHS 
and MVS. Reading of subpicture signals is executed for 
all data written (the 4.5 MHz reading rate is three times 
as high as the writing rate). Subpicture signals then 
pass the selector and are output through DOY, DOR, 
and DOB. In addition to switching and outputting the 
subpicture and frame signals, the selector executes 12 
to 6 bit, parallel to serial conversion of the Y signal. 
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To Buffer Memory 


| 63.5 us | 


57.3 ps 


* (Y = 172 dots, R— Y = 43 dots, B — Y = 43 dots) 


The playback area is determined by the blanking signal 
and not by the write area. The display position is 
controlled by changing the timing of the read address 
counter according to the state of the HPS and VPS 
input pins. The playback area and display position vary 
with the NTSC/PAL method and screen size (full versus 
80% full) as shown in figures 8 through 15. Any value in 
the display position includes the frame signal, which 
has a 220 ns (horizontal) x 1 line (vertical) area. 
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Figure 7. PAL Subpicture Write Area 





_ K 64 Us | 


57.3 us 


38H = (Y = 172 dots, R— Y = 43 dots, B- Y = 43 dots) | 


13.5 H | (12.5 H) 
| (a Even Field 
Odd Field 
Figure 8. Subpicture Playback Area in NTSC Applications with Full Screen Display 


| 63.5 ps | 


J 
6.7 ps 49.3 ys 


25 H | (26 H) (Y = 148 dots, R — Y = 37 dots, B — Y = 37 dots) 
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15.5H | (14.5 H) 


| —_— Even Field 
Odd Field 
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Figure 9. Subpicture Playback Area in NTSC Applications with 80% Screen Display 


(Y = 124 dots, R—Y = 31 dots, B- Y.= 31 dots) 


— 43H| (44H) 


33.5H | (32.5 H) 


Even Field 
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Figure 10. Subpicture Playback Area in PAL Applications with Full Screen Display 


38 H | (39 H) (Y = 148 dots, R- Y = 37 dots, B —- Y = 37 dots) 


13.5H| (12.5 H) 


| Misses: Even Field 
Odd Field 


83YL-7404B 





12 





N; E C pPD42271, 42272 


Figure 11. Subpicture Playback Area in PAL Applications with 80% Screen Display 





10.7 us 41.3 us 
(Y = 124 dots, R-— Y = 31 dots, B- Y = 31 dots) 
59 H | (60 H) 








Even Field 


Odd Field 
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Figure 13. Subpicture Display Position in NTSC Applications with 80% Screen Display - 
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Figure 14. Subpicture Display Position in PAL Applications with Full Screen Display 
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Figure 15. Subpicture Display Position with 80% Screen Display 





Line Array Correction 


Subpicture processing executes screen compression, 
in which the output data rate of the field memory is 
three times as high as the input data rate. A read cycle 
will catch up to, and then pass, a write cycle about 
midway on the screen. Afterward, old fields are read, 
and afield seam is produced where the two fields meet. 


This problem is corrected during an old field read cycle 
by advancing the vertical address counter to its regular 
value and then incrementing it by one. The correction 
cycle varies depending on whether a main picture or 
subpicture field (odd versus even) field is involved 
(tables 6 and 7). 


Table 6. Outrunning When the Main Picture and 
Subpicture Have the Same Fields 

Subpicture 

Main Picture Odd Even 


Odd _ — 
(before outrunning) (after outrunning) 


Even +4 — 

(after outrunning) (before outrunning) 
Notes: 
(1) += address counter is incremented to its normal value plus 1. 


(2) — = no operation. 
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Table 7. Outrunning When the Main Picture and 
Subpicture Have Different Fields 


Subpicture 
Main Picture Odd Even 
Odd +1 an 
(after outrunning) (before outrunning) 
Even +1 +1* 


(before outrunning) (after outrunning) 


Notes: 
(1) + = address counter is incremented to its normal value plus 1. 
(2) — = no operation. 


(8) * indicates that the address counter holds its status and is not 
incremented. 


Field Distinction 


The uPD4227x executes line offset sampling and line 
array correction. The former offsets write lines be- 
tween the even and odd fields by one line. The latter 
advances the vertical read address counter to its nor- 
mal value plus one by combining the main picture and 
subpicture fields. This prevents a seam line from ap- 
pearing on the subpicture when part of it is displaying 
one field and the rest is displaying the other field. 


In both cases, the uPD4227x executes field distinction 
to learn the status (odd or even) of the main picture and 
subpicture signals. The result is determined by the 
phase differences between MHS/SHS and MVS/SVS 
and by the state of MFC and SFC (figure 16). 
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Figure 16. Field Distinction 





Frame Signal Generation 


The pPD42272 contains the data for four colors: white, 
yellow, light blue, and green. These colors are used for 
frame signals and are selected by the FCp and FC, 
frame color selection input signals. The data selector 


Table 8 Frame Signal Generation 
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switches the subpicture to the frame signal and then 
outputs it. The vertical width of the frame signal is one 
line; the horizontal width of 220 ns is determined by the 
YDACK, RDACK, and BDACK D/A clocks and the blank- 
ing signal (figure 17). 


[20 Neel Dale 
Puss eee eee eee eee ee eee 


The pPD4227x writes the Y, R-Y, B-Y subpicture signals 
serially using the uPC661, a six-bit A/D converter with 
analog switching. For read operation, the R-Y and B-Y 
signal sampling phases are reversed. For the output 
signals, there is a 180° phase difference between the 
R-Y and B-Y signals. Frame signals containing phase 
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differences that are similarly output cause gradation 
because the frame signals deviate at the edges. To 
prevent this deviation, the u.PD42272 aligns the edges 
of the frame signal by adjusting RDACK and BDACK 
during the frame signal output period (figure 18). 
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Figure 17. Frame Signal 


pPD42271, 42272 


Subpicture 





Data Output 


Subpicture signals are compressed to the scale of 1:9 
(horizontal = 1:3 and vertical = 1:3) and then output 
through the DOY, DOR, and DOB output pins. The 
output period is about one-ninth of one field period of 
the main picture, or 16.7 ms. DOY, DOR, and DOB are in 
high impedance for the remaining eight-ninths of the 
period and no data is output (figure 19). 


The signal level of the high impedance period must 
meet the pedestal level, i.e., the level of the initial input 
signal. The signal level is determined by resistors that 
pull up or down the DOY, DOR, and DOB pins. In the 
pPD4227x, the D/A converter clocks are output cycli- 
cally (every 2.25 MHz) during the no signal period. The 
pPD6901 six-bit D/A converter converts into analog 
data the data determined by pull-up or pull-down 
resistors, enabling the signal to be at a constant level. 


The input signal pedestal level is determined at clamp 
levels of the uPC661 six-bit A/D converter For the 
LPD661, the Y signal clamp output is the R-Y and B-Y 
output. All Y outputs are thus pulled down. For R-Y and 
B-Y output, only DORs and DOBs are pulled up, re- 
spectively, and the other outputs are pulled down 
(figures 20 and 21). 1s 


Outside Control 


Specified Frame Color. The uPD42272 can generate 
one of four frame colors (white, yellow, light blue, and 
green) depending onthe levels of FCp and FC, (table 9). 
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Table 9. Frame Color Input Levels 

Pin White Light Blue Yellow 
FCO H L H L 
FC1 H H L L 


Specified Subpicture Size. The uPD4227x can select 
one of two subpicture sizes using the SIZE subpicture 
selection input. When its input level is high, the display 
area is set to one-ninth of the main picture (full screen 
display). A low level sets the display area to one-twelfth, 
or 80%, of the main picture. 


Specified Subpicture Position. The uPD4227x can se- 
lect one of four subpicture display positions (one of the 
four corners on the main picture) using a combination 
of signals from the VPS and HPS position selection 
input pins (table 10). 


‘Table 10. VPS and HPS Input Levels 


Pin Top Left BottomLeft Top Right Bottom Right 
VPS H L H L 
HPS H H L L 


Specified Still Picture. The 7PD4227x can display a 
still. subpicture using the still picture request input. 
When the level of STILL is high, a freeze frame picture is 
displayed. When the input level is low, the moving 
picture is selected. 
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Figure 18. Frame Signal Alignment 
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Figure 19. Subpicture Data Output 
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Figure 20. Data Output Signal Adjustment 
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Figure 21. R-Y and B-Y Output Signal Adjustment 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Output Timing 3 





Output Timing 4 
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NEC Electronics Inc. 


Description 


The uPD42280 is a 262,224-word by 8-bit dual-port field 
buffer fabricated with a silicon-gate CMOS process. 
The device can execute synchronous and asynchro- 
nous serial write and serial read operation at a 33.3- 
MHz clock frequency. In asynchronous mode, the de- 
vice can be used as a data storage (communication) 
buffer, a time axis converter, and a digital delay line of 
up to 262,224 bits (200 bits minimum at any frequency). 
In synchronous mode, the minimum delay is 3 bits at 
any frequency when used as a fixed-length delay line. 


Applications include NTSC/PAL TV/VCR systems, video 
processing, digital plain paper copiers, and systems 
requiring serial data streams like printers, optical scan- 
ners, and local area networks. 


The serial write and read function simplifies interframe 
luminance (Y) and chrominance (C) separation, inter- 
field noise reduction, frame synchronization, and time 
base correction. Refreshing is performed automati- 
cally by an internal circuit, so the device operates like 
a Static RAM. 


All inputs and outputs, including clocks, are TTL com- 
patible. The plastic package is a 28-pin SOP (450-mil) 
or ZIP (400-mil), and operation is guaranteed in an 
ambient temperature range of —20 to + 70°C. 


Features 


QO 262,224-word x 8-bit organization 
QO Dual-port operation 
QO Asynchronous, simultaneous reading/writing 
O Output enable function 
QO Variable field length 
— 200 to 262,224 bits as an elastic (asynchronous) 
delay line 
— 3 to 262,224 bits as a fixed-length (full 
synchronous) delay line 
Q One-cycle address pointer reset and immediate 
write/read access function 
OQ Automatic refreshing (full static interface) 
QO Direct connection with NEC line buffers (uPD42101/ 
42102/42505) 
OQ 4M-bit DRAM COMS technology 
QO Full TTL-compatible inputs, outputs, and clocks 
O Three-state outputs 


60218 


0 Single +5-volt power supply 
QO On-chip substrate bias generator 
QO 28-pin SOP (450-mil) and ZIP (400-mil) plastic 


packaging 


Ordering Information 


Part Number 

uUPD42280GU-30 
GU-40 
GU-60 

UPD42280V-30 
V-40 
V-60 


Access 
Time (max) 


25 ns 
30 ns 
40 ns 
25 ns 
30 ns 
40 ns 


Pin Configurations 


28-Pin Plastic SOP 


Cycle 
Time (min) 


30 ns 
40 ns 
60 ns 
30 ns 
40 ns 
60 ns 
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pPD42280 
NTSC and PAL Field Buffer 


Package 
28-pin plastic SOP 


28-pin plastic ZIP 
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Pin Configurations 


28-Pin Plastic ZIP 





Pin Identification 





Symbol Function 

Dig - Diz Write data inputs 

DOp - DO? Read data outputs 

OE Output enable input 
RCK Read clock input 

RE Read enable input 
RAST Read address reset input 
WCK Write clock input 

WE Write enable input 
WRST Write address reset input 
TEST Test pin (connect to GND in system) 
GND Ground 

Vpp +5-volt power supply 


Nn 
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PIN FUNCTIONS 
Dig - Diz (Data Inputs) 


These pins function as write data inputs; for example, 
for 4fg¢ composite color or brightness signals. 


DOpo - DO7 (Data Outputs) 


These pins are three-state read outputs. 


OE (Output Enable Input) 


This signal controls read data output. When OE is low, 
read data is output on DOo - DO7. When OE is high, 
DOp - DO7 are in a state of high impedance. The read 
address pointer is incremented by RCK, regardless of 
the signal level of OE. The state of OE is strobed by the 
rising edge of RCK. 


RCK (Read Clock Input) 


All read cycles are executed synchronously with RCK. 
The states of both RRST and RE are strobed by the 
rising edge of RCK at the beginning of a cycle. This 
same edge of RCK starts internal read operation, and 
access time is referenced to this edge. The internal read 
address increases with each RCK cycle unless RE is at 
a high level to hold the read address constant. Unless 
inhibited by RE, the internal read address will automat- 
ically wrap around from 262,223 to 0 and begin increas- 
ing again. 





RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
If RE is at a high level, the internal read address stops 
increasing. The state of RE is strobed by the rising 
edge of RCK. 


RRST (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both WRST and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at 
the end of a cycle. The internal write address increases 
with each WCK cycle unless WE is at a high level to hold 
the write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 262,223 to 0 and begin increasing again. 
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WE (Write Enable Input) 


This input controls write operation. If WE is low, all 
write cycles proceed. If WE is at a high level, no data is 
written to the register and the write address stops 
increasing. The state of WE is strobed by the rising 
edge of WCK. 


WRST (Write Address Reset Input) 


Bringing this signal low resets the internal write ad- 
dress to 0. The state of this input is strobed by the 
rising edge of WCK. 


OPERATION 
Reset 


The uPD42280 requires initialization of internal circuits 
using the WRST/RRST reset signals before starting 
operation (after power on). A reset cycle can be exe- 
cuted at any time and does not depend on the state of 
WE, RE, and OE. However, WRST and RRST must 
satisfy required setup and hold times as measured from 
the rising edges of WCK and RCK. 


After the reset cycle, write and read operation can be 
started immediately. 


Write 


Write cycles are executed in synchronization with WCK 
as WE is held low. In the write cycle operation, the 
internal write address pointer is automatically incre- 
mented. When WE is high at the rising edge of WCK, 
write operation is disabled and the internal write ad- 
dress pointer does not increment with successive write 
clocks. 














Write data must satisfy setup and hold times as spec- 
ified from the rising edge of WCK. 


After the reset operation, bits are input sequentially 
into an 80 x 8-bit SRAM buffer. Then, new bits are input 
sequentially into one of the two halves of the 128 x 8-bit 
data register before being transfered to the storage 
array. The register data is transferred into the array in 
blocks of 64 x 8 bits. 


Read 


Read cycles are executed in synchronization with RCK 
while RE and OE are held low. 


in the read cycle operation, the internal read address 
pointer is automatically incremented as RE is held low. 
When RE is high at the rising edge of RCK, the internal 
read address pointer does not increment with succes- 
sive read clocks. 





; time is endless). 
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The OE input controls the output state of DOo.- DO7 
pins. When OE is low at the rising edge of RCK, the 
DOo - DO7 pins are low-impedance state. When OE is 
‘high at the rising edge of RCK, the DOg - DO7 pins are 
high-impedance state with successive read clocks. 


The access time of a read cycle is measured from the 
rising edge of RCK by tac for an access of any internal 
read address. Stored data is read nondestructively; 
data can be read repeatedly at any time (cell data hold 


New data written to a particular internal address is 
available for reading after 200 write cycles maximum. 
This value depends on write cycle time and the write/ 
read operation control method. 


»PD42280 Block Diagram 


Write Address Pointer | Write Address Pointer 





DIGITAL DELAY LINE 


The uPD42280 can be easily used as a digital delay line 
of 262,224 bits or less. The two operating modes are 
elastic (asynchronous) and fixed-length  (full- 
synchronous). 


Elastic (Asynchronous) Delay Line 


Delay length of the elastic delay line is from 200 bits 
minimum (at any frequency) to 262,224 bits maximum. 
The minimum delay length does not depend on clock 
frequency. 


Figures 1 and 2 show control timings for the elastic 


delay line. Write and read cycles are synchronized to 
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their respective WCK/RCK inputs and executed individ- 
ually. The difference (n) between the internal write 
address pointer and the internal read address pointer 
must fall between 199 and 262,223. 


Fixed-Length (Full-Synchronous) Delay Line 


The length of the delay line is specified as 3 to 262,224 
bits. It does not depend on clock frequency 


Figure 3 shows control timing for the fixed-length delay 
line. The same signal is used for WCK and RCK so that 
WRST and RRST are controlled together. The data, 
written after a reset signal, is read out after the next 
reset signal in the order it was written. This interval 
determines the delay length. For example, if the reset 
signal is input every 239,330 (263 x 910) cycles, the 
delay length is 239,330 cycles. 











Figure 1. Elastic Delay Line No. 1 


| 0 | 1 2° 8 4 5 n-2 nt no omit m2 m3 m4 
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n= 199 ~ 262,223 
[n means (Write Address No) ~ (Read Address No).] 
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Figure 2. Elastic Delay Line No. 2 
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N= 199 ~ 262,223 
[n means (Write Address No) — (Read Address No).] 
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Figure 3. Fixed-Length Delay Line 
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N (n’) = 199 ~ 262,223 
{n (n') means Write/Read Address No) 





SPECIFICATIONS Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 


Absolute Maximum Ratings Supply voltages’ 7 Von ie Fi ee 7 


SHEEHY MOUSUEN OD 6. cr 8M cf. Recommended Operating Conditions 

Voltage on any input pin, V| oe : ees yoo A Parameter.“ Symbol= Mins Typ =» Max ‘Unit 

Voltage on any output pin, Vo -1.0 to Vop + hi ra voltage: VIH ot Vopr es ¥ 
0.5 V (+7.0 V max) A Se Pe a PEPE 

Short-circuit output current, los 20 mA ae ut voltage, Vit iS oe ¥ 

Operating temperature, Topa - 20 to + 70°C Ambient £3 | -2 © +7 °° 

Storage temperature, ToTq - 55 to + 125°C temperature 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- Capacitance 
nent damage. The device should be operated within the limits Ta = 25°C; Vpp = +5.0 V +10%; f = 1 MHz 


ified under DC and AC Characteristics. i RS CARL GLE NL i ee 
Pe ee Pe srctenietee Parametert Symbol Min Max Unit Pins Under Test 


Input C 5 pF WE, RE, OE WCK, 

capacitance RCK, WRST, RRSI, 
Dlg - Diz 

Output Co 7 pF DQpq - DO7 


capacitance 


t+ Capacitance is sampled and not 100% tested. 
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DC Characteristics 
Ta = ~20 to +70°C; Vpp = +5.0V +10% 





Parameter Symbol Min Typ Max __Unit Test Conditions 
Operating current lect oO 90 mA. — twew tack = 30ns 
Standby current locos 4 10 . mA WCK, RCK = Vi 
Input leakage current I -10 10 uA Vv) = Oto V pp; all other pins not under test = OV 
Output leakage current lo -10 10 yA Do disabled; Vo = 0 to Vpn . 
Output voltage; high Vou 2.4 Vv loy = -1 mA . 
Output voltage, low VoL 0.4" V lo, = 2.0mA 


* Voltages are referenced to GND. 


AC Characteristics 
Ta = -20 to +70°C; Vog = +5.0V + 10% 


pPD42280-30 »PD42280-40 uPD42280-60 








Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Access time tac 25 30 40 ns 

Data-in hold time too 3 3 3 ns 

Data-in setup time tos 7 10 12 ns 

Output disable time tyz 5 25 5 30 5 40 ns (Note 4) 
Output active time tiz 5 25 5 30 5 40 ns (Note 4) 
Output enable hold time toEH 3 . ns (Note 9) 
Output enable high delay from RCK. = toend 3 3 ns (Note 10) 
Output enable low delay from RCK toEN2 7 10 12 ns (Note 10) 
Output enable setup time toes “7 10 12 ns (Note 9) 
Output hold time ton 5 5 5 ns 

Read clock cycle time tack 30 40 ; 60 ns 

RCK precharge time trop 12 14 20 ns 

RCK pulse width trcw 12 14 20 ns 

Read enable hold time tREH 3 3 3 ns (Note 7) 
Read enable high delay from RCK trent 3 3 3 ns (Note 8) 
Read enable low delay to RCK tReEN2 7 10 12 ns (Note 8) 
Read enable setup time tREs 7 10 12 ns. (Note 7) 
Read disable pulse width tRew 0 0 0 ns . 
Reset active hold time tRH 3 3 ns (Note 5) 
Reset inactive setup time tana 3 3 3 . ns (Note 6) 
Reset inactive hold time tane 7 10 12 ns _.. (Note’6) . 
Read reset time ~ trast ce) 0 0 ns 

Reset active setup time tas 7 10 12 ns (Note 5) 
Transition time ty 3 35 3 35 3 35 ns 

Write clock cycle time twok 30 40 60 ns 

WCK precharge time tweop 12 14 20 ns 

WCK pulse width . twow 12 14 20 ns 

Write enable hold time tWweH 3 3 3 ns (Note 7) 


oo 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Write enable high delay from WCK twent 3 3 3 ns (Note. 8) 
Write enable low delay to WCK twen2 7 10 12 ns (Note 8) 
Write enable setup time twes 7 10 12 ns (Note 7) 
Write disable pulse width twew 0 ns 
Write reset time twrst 0 0 ns 
Notes: 
(1) All voltages are referenced to ground. (13 cont) 
(2) Input pulse rise and fall times assume tr = 5 ns. Input pulse m = 143 + n- 80 x 64 
levels = 0.4 to 2.4V. Transition times are measured between 2.4 
and 0.4 V. See figure 4. n-80 


(3) 


(4) 


(5) 


(6) 


(8) 


(9) 


(10) 


(11) 


(12) 


Input timing reference levels = 1.5 V. Output timing reference 
levels are 0.8 and 2.0 V. See figure 4. 


This delay is measured at 200. mV from the steady-state voltage 
with the load specified in figure 4. Under any conditions, t.z = 
tyz. : 

If either tas or tay is less than the specified value, reset 
operations are not guaranteed. 

If either tay OF tana is less than the specified value, internal 
reset operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 


If either twes or tweH (tres Or taeH) is less than the specified 
value, write (read) disable operations are not guaranteed. 


lf either twen1 OF twene (tReN1 OF tRreNo) is less than the 


specified value, internal write (read) disable operations may 
extend to cycles immediately preceding or following the period 
of desired disable operations. 


If either toes or togy is less than the specified value, output 
disable operations are not guaranteed. 


If either toen1 OF toEND is less than the specified value, internal 
output disable operations may extend to cycles immediately 
preceding or following the period of desired disable operations. 


To read new data just written, the write address must precede 
the read address by at least 200 addresses. 


During a reset operation, the levels of WE and RE are “dont care.” 


(13) Addresses 0-79 (80 words x 8 bits) are stored in an SRAM buffer. 


Addresses 80-262,223 are stored in dynamic cells and trans- 
ferred in 64 x 8-bit increments. The “143” in the equation below 
comes from 79 + 64 = 143. 


When WRST goes low (active) at address n, the write data from 
address n to address m is not guaranteed because partial data 
stored in the write registers (< 64 bits) will not be transferred to 
the DRAM array. 





means the nearest whole number 





For example, if n = 280, then “= = 3.125 = 3 
m= 143 + (3x 64) 
= 143 + 192 
= 335 
So, data transfer from address 280 to address 335 is not 
guaranteed. 


Figure 4. AC Test Conditions 
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Timing Waveforms 


Write Cycle 


Cycien Cycle n+1 
twoK— 


OF 
3 = a= fee es a=, 


twow tWEN2 


tWew 


XXEXEKEKNY 
OI YY 


[1] WRST = High. 
[2] V = valld data. 


[1] RAST = High. 
[2] V = valid data. 
[3] OE = Low. 
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Timing Waveforms (cont) 


Read Cycle ( OE Control) 


[1] RAST = High. 
[2] V = valid data. 
[9] RE = Low. 


Write Reset Cycle 


[1] WE = Low. 
[2] V = valid data. 
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Timing Waveforms (cont) 


Read Reset Cycle 


[1] RE, OE = Low. 
{2] V = valid data. 
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NEC Butter for 
Line Buffer for: 


NEC Electronics Inc. Communications Systems 


Description a Pin Configurations 


The pPD42505 is a 5048-word by 8-bit dual-port line 24_pin Plastic DIP 
buffer fabricated with a silicon-gate CMOS process. The 
device is capable of asynchronous read and write 
operation at high speed, and can be used as atime axis 
converter or a digital delay line of up to 5048 bits (10 bits 
minimum at maximum frequency). 


Applications include image processing in facsimile ma-- 
chines, plain paper copiers, video systems, and other 
optical scanners; time base correction in video play- 
back systems; and data communication buffering in 
multiprocessor systems and local area networks. 


wo 
oS 
w 
N 
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a. 


Features 
. . rs 83YL-7174A 
O §048-word x 8-bit organization 


O Dual-port operation 

Image processing and data communications 
applications 

Asynchronous and simultaneous reading/writing 
1H (5048-bit) delay line capability 

TTL-compatible inputs and outputs 

Three-state outputs 

Single + 5-volt power supply 

24-pin plastic DIP and 28-pin plastic ZIP packaging 
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Pin Identification 





Symbol! Function 

Dino - Dinz Write data inputs 

Douto - Pout7 Read data outputs 

RCK Read clock input 

RE , Read enable input =— 
RSTR Read address reset input 

RSTW Write address reset input 

WCK Write clock input 

WE Write enable input 

GND Ground 


Voc +5-volt power supply 


60100 
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Block Diagram 


Row Selectors 


Yj 


Data 
Input 
Buffers 


Write 
Column 
Selectors 


Dino- O17 
Array 


Dual-Port 
Storage Cell 


Column 
Selectors 


Output 


Butfers Douto - Pout7 


 / yy 


Row Selectors 


Ordering Information 





Device Cycle Time (min) Read Access Time (max) Hold Time (min) Package 
uUPD42505C-50 50 ns 40ns 5 ms 24-pin plastic DIP 
C-75 75 ns 55 ns 
C-50H 50 ns 40 ns 20 ms 
C-75H 75 ns 55 ns 
pPD42505V-50 50 ns 40 ns 5 ms 28-pin plastic ZIP 
V-75 75 ns 55 ns 
V-50H 50 ns 40 ns 20 ms 
V-75H 75 ns 


55 ns 


Pin Functions 


Dino through Djy7 (Data Inputs). New data is entered 
on these pins. 


Douto through Dout7 (Data Outputs). These tri-state 
outputs are used to access stored information. In a 
simple digital delay line application, a minimum delay of 
10 clock cycles is required to move data from the input 
pins to the output pins. 


RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of both RSTR and 
RE are strobed by the rising edge of RCK at the 
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beginning of a cycle. This same edge of RCK starts 
internal read operation, and access time is referenced 
to this edge. The internal read address increments with 
each RCK cycle, unless RE is high to hold the read 
address constant. Unless inhibited by RE, the internal 
read address will automatically wrap around from 5047 
to 0 and begin incrementing again. 


RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is at 
a high level, the data outputs become high impedance 
and the internal read address stops incrementing. The 
state of RE is strobed by the rising edge of RCK. 


NEC 


RSTR (Read Address Reset Input). This signal is 
strobed by the rising edge of RCK and resets the 
internal read address to 0. 


RSTW (Write Address Reset Input). Bringing this sig- 
nal low resets the internal write address to 0. The state 
of this input is strobed by the rising edge of WCK. 


WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are strobed by the rising edge of WCK at the 
beginning of a cycle, and the data inputs are strobed by 
the rising edge of WCK at the end of acycle. The internal 
write address increments with each WCK cycle, unless 
WE is at a high level to hold the write address constant. 
Unless inhibited by WE, the internal write address will 
automatically wrap around from 5047 to 0 and begin 
incrementing again. 


WE (Write Enable Input).This input is similar to RE but 
controls write operation. If WE is at a high level, no data 
is written to storage cells and the write address does 
not increment. The state of WE is strobed by the rising 
edge of WCK. 





Operation 


Reset Cycle. The uPD42505 requires the initialization of 
internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 





A reset cycle can be executed at any time and does not 
depend on the state of RE or WE. However, RSTW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 





Write/Read Cycles. Write and read cycles are synchro- 
nized to their respective WCK/RCK inputs and executed 
individually when WCK or RCK is high and WE or RE is 
low. Write data must satisfy setup and hold times as 
specified from the rising edge of WCK. New data written 
to a particular address is available for reading after 1/2 
write cycle + 500 ns (maximum). 


The access time of a read cycle is measured from the 
rising edge of RCK, either by tacr for an access during 
the first cycle directly after a reset begins, or by tac for 
an access under other conditions. Stored data is read 
nondestructively; data can be read repeatedly within a 
prescribed time of 5 ms maximum (20 ms maximum for 
-H versions). 


Time Axis Conversion. To use the uPD42505 as atime 
axis converter, write and read cycles must be controlled 
independently. Write and read ports must be initialized 
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separately using the reset signals. Write cycles can then 
be executed in synchronization with WCK and write 
data can be stored sequentially from address 0 of this 
device. Afterward, when a read cycle is executed in 
synchronization with RCK, stored data can be read 
sequentially from address 0. 


Since write and read cycles can be executed indepen- 
dently, data loaded at one arbitrary drive frequency can 
be read at another arbitrary drive frequency. In this 
sense, the uPD42505 functions as atime axis converter. 


Digital Delay Line. The uPD42505 can be easily used 
as a digital delay line of 5,048 bits or less. After the 
internal circuits are initialized using simultaneous 
RSTW/RSTR signals, write/read cycles also may be 
executed simultaneously by supplying the same pulse 
to the write (WCk) and read (RCK) clocks. Write data is 
always read after the full 5,048-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. 








If either WE or RE is set at a nonselected (high) level for 
several cycles while the other is maintained in a se- 
lected (low) level, the delay line length can differ from 
5,048 bits. 


For example, if only WE is a set to a high level (write 
disable) for a small number of cycles, read cycles are 
executed continuously and the delay line lengths large 
(see the waveform for ‘(5048-m)-Bit Delay Line No. 2”). 
Alternatively, if only RE is set to a high level (read 
disable) for a small number of cycles, write cycles are 
executed continuously and the delay line length is 
small. Note that the minimum delay line length is 10 bits 
(for maximum frequency operation) and the maximum 
is 5,048 bits. 


A data delay of 5,048 bits or less can also be obtained by 
applying the RSTW and RSTR signals at different times. 
For example, data loaded for “m” cycles after RSTW can 
then be read after supplying RSTR. In this case, since 
write data can be read from the beginning after a delay 
of ‘“‘m” cycles, the device can be used as an “m-bit” 
digital delay line. 


The RSTW/RSTR reset signals can also be simulta- 
neously loaded at every 1H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 10 to 5,048 
bits can be obtained according to the length of the reset 
signals supplied. Refer to the timing waveform for an 
“n-Bit Delay Line.” 
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Absolute Maximum Ratings 
-1.5to +7.0V 


Supply voltage, Voc 

Voltage on any input pin, Vj _ -1.5to +7.0V 
Voltage on any output.pin, Vo -1.5to +7.0V 
Short-circuit output current, los 20 mA 
Operating temperature, Topr - -20 to +70 °C 
Storage temperature, Teta -55 to +125 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage, The device should be operated within the limits: specified 
under DC and AC Characteristics. 


DC Characteristics 
Ta = -20 to +70°C; Vog = +5.0V +10% 


Recommended Operating Conditions : 








Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
input voltage, high Vin 24 Voc Vv 
Input voltage, low Mit -1.5 08° €6V 
Ambienttemperature Ta . "-20 70 °C 
Capacitance 

Ta = 25°C; Veg = +5.0V 10%; f = 1 MHz- 

Parameter | Symbol Max Unit Test Conditions 

Input C; 5 pF WE, RE, WCK, RCK, 
capacitance RSTW, RSTR, Dino - Dinz 
Output Co 7 PF = Douto- Doutz 


capacitance 


Notes: 


(1) These parameters are sampled and not 100% tested. 











Parameter Symbol Min Typ Max Unit Test Conditions 

Write/read cycle operating current loc 60 mA 

Input leakage current hy -10 10 pA Vi = OV to Veo; all other pins not under test = OV 
Output leakage current lo -10 10 UA DouT. disabled; Vo = 0 to 5.5 V 

Output voltage, high Vou 2.4 V lon = -1 mA 

Output voltage, low VoL 0.4 V lol = 2mA 





AC Characteristics 
Ta = -20 to +70°C; Veg = +5.0V 10% 


»PD42505-50 pPD42505-75 PD42505-50H 4PD42505-75H 








Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write clock cycle time twox 50 990 75 990 ~-—s 50 3960 75 3960 ns 

WCK pulse width twew 20 30 20 30 ns 

WCK precharge time tweop 20 30 20 30 ns 

Read clock cycle time troK. - . 50 990 75 990 50 3960 75 3960 ~—s ns 

RCK pulse width ‘tRow 20 30 20 30 ns 

RCK precharge time trop 20 30- 20 30 ns 

Access time tac 40 55: 40 . 55 ns 

Access time after a reset - tacr 40 55 40 55 ss ns 

cycle 

Output hold time ton 5 ns 

Output hold time after a tour 5 5 ns _— (Note 7) © 
reset cycle = 

Output active time tL 40 55 . 5 40° 5 55 ns (Note 4) 
Output disable time tuz 5 40 55-5 40 5 55 ns _(Note 4) 
Data-in setup time tos 15 20 15 20 ns 


ft 
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AC Characteristics 
Ta = -20 to +70°C; Voo = +5.0V +10% 
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Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Data-in hold time tpH 5 5 5 5 ns 

Reset active setup time trs 15 20 15 20 ns (Note 8) 
Reset active hold time tray 5 5 5 ns _— (Note 8) 
Reset inactive hold time tani 5 5 5 5 ns (Note 9) 
Reset inactive setup time tane 15 20 15 20 ns _— (Note 9) 
Write enable setup time twes 15 20 15 20 ns (Note 10) 
Write enable hold time tweH 5 5 5 5 ns (Note 10) 
Write enable high delay from = tweni 5 5 5 ns _—_ (Note 11) 
WCK 

Write enable low delay to twene 15 20 15 20 ns _— (Note 11) 
WCK 

Read enable setup time tres 15 20 15 20 ns (Note 10) 
Read enable hold time trey 5 5 ns (Note 10) 
Read enable high delay from — tneny 5 5 5 5 ns (Note 11) 
RCK 

Read enable low delay to tRENo 15 20 15 20 ns _— (Note 11) 
RCK 

Write disable pulse width twew 0 (e) 0 0 ms ___ (Note 6) 
Read disable pulse width trew ie) ie) 0 0) ms (Note 6) 
Write reset time trstw 0 0 0 0 ms __ (Note 6) 
Read reset time trstr 0 0 0 0 ms _ (Note 6) 
Transition time tr 3 35 3 35 3 35 3 35 ns 

Notes: 


(1) All voltages are referenced to ground. (7) This parameter applies when tack 2 tacr (max) 


(8) If either tag or try is less than the specified value, reset 


(2) Input pulse rise and fall times assume ty; = 5 ns. ; 
operations are not guaranteed. 


(8) {input pulse levels = GND to 3 V. Transition times are measured 


between 3 V and OV. (9) If either trys or tana is less than the specified value, internal 
: ; reset operations may extend to cycles immediately preceding or 
(4) This delay is measured at +200 mv from the Steady-state voltage following the period of desired reset operations. 
with the load specified in figure 2. Under any conditions, t.z = ; . oe 
tz. (10) If either twes or twen (tres OF tren) is less than the specified 


(6) Input timi f tual 8 value, write (read) disable operations are not guaranteed. 
input timing reference levels = 1.5V. 
e y (11) If either tweny oF tweno (tREN1 OF tREN2) is less than the 


(©) twew (max) and trew (max) must be satisfied by the next specified value, internal write (read) disable operations may 
equations in one line cycle operation: ; extend to cycles immediately preceding or following the period 
twew + trstw + 5048twok s 5 ms (20 ms for -H versions) of desired disable operations. 


trew t+ taste + 5048tacK = 5 ms (20 ms for -H versions) 


Or 
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Figure 1. Output Load for tac, tacr, ton, and tour 





Figure 2. Output Load for t,z and tyz 





Figure 3. Input Timing 
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Timing Waveforms 


Write Cycle 


Cycle n+ 1 Cyclen+2 


[1] RSTW= Vip. 
[2] V = valid data. 


Read Cycle 


Notes: 
[1] RSTR = Vip. 
[2] V = valid data. 


Disable Cycie 


High Impedance 


Cyclen+3 


pPD42505 





83}H-6704B 
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Timing Waveforms (cont) 


Write Reset Cycle 
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Timing Waveforms (cont) 


Time Axis Conversion Cycle 


WCK 


tRs 


RSTW 








r™ 


wR REO DODO DOA DORADO 


tacw trop 
tRoK 





RSTR 


Poot XY XX XX XK 


Notes: 

(1] WE = RE = Vy 

[2] V = valid data. 

[3] Read cycles commence from the rising edge of RCK. For the first cycle 
In a group of reset cycles, the read access time is defined as tacr. 
In all other cycles, tac defines the read access time. 

[4] Write data is strobed into the device on the rising edge of WCK at the 
end of a cycle. 





8NG-7177B 
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Timing Waveforms (cont) 


5048-Bit Delay Line Cycle 


Vit 


Notes: 
(1] V =valld data. 
[2] 1H = the first group of 5048 bits. 
2H = the second group of 5048 bits. 





10 


N: E Cc pPD42505 


Timing Waveforms (cont) 


n-Bit Delay Line Cycle 


: AC) A CE Veo") 


soya V 
WE, RE ae ee ae 


Notes: 
{1] V=valid data 
[2] 1H = the first group of bits. 2H = the second group of n' bits. 
[3] RE = WE = ViL- 
83IH-6717B 
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Timing Waveforms (cont) 





ReRead Cycle 





al 


aeRO eet) Rk ike) ne 
Notes: 

[1] RE=Vyp 

[2] V = valid data. 

{3} The data stored in any location can be re-read as many times as desired, 


within a period of 5 ms following the writing of data into that location, provided 
that a second write cycle has not rewritten new data into that location. 


8WG-7176B 
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Timing Waveforms (cont) 


Write Disable Cycle 





[1] V = valid data. 





Read Disable Cycle 


Disable Cycles 
tREN1 | 'RES then | tREND 


tou 


me tHz 


\ \ \/ Kh High imped 
ODO GIO Cag 


Notes: 
[1] V = valid data. 
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Timing Waveforms (cont) 


(5048-m)-Bit Delay Line No. 1 


[1] RE=VqL. 
[2] V = valid data. 
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Timing Waveforms (cont) 


(5048-m)-Bit Delay Line No. 2 


0-5048 


Oe 


Vv Vv Vv Vv Vv 
[1-5048} [m-1-5048] [m-5048} [m+1-5048] [m+2-5048] 


[1] RE = Vy. 
[2] V = valid data. 





83VG-71808 


15 





pPD42505 N. E G 


NEC 


NEG Electronics Inc. 


Description 


The uPD485505 is a 5048-word by 8-bit dual-port line 
buffer fabricated with a silicon-gate CMOS process. 
The device is capable of asynchronous read and write 
operation at high speed and can be used as atime axis 
converter or a digital delay line of up to 5048 bits (21 
bits minimum at maximum frequency). 


Applications include image processing in facsimile 
machines, plain paper copiers, video systems, and 
other optical scanners; time base correction in video 
playback systems; and data communication buffering 
in multiprocessor systems and local area networks. 


Features 


QO 5048-word x 8-bit organization 

O Fully static operation 

Q Dual-port operation 

QO Image processing and data communications 
applications 

Asynchronous and simultaneous reading/writing 
1H (5048-bit) delay line capability 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

24-pin plastic SOP and 24-pin plastic ZIP 
packaging 


Ooo0d0q0 


Ordering Information 


Cycle Time Read Access 
Part No. (min) Time (max) Package 
UPD485505GU-25 25 ns 18 ns 24-pin plastic 
GU-35 35 ns 25 ns SOF 
uUPD485505V-25 25 ns 18 ns 24-pin plastic 
V-35 35 ns 25 ns ze 
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Line Buffer for 
Communications Systems 


Pin Configurations 


24-Pin Plastic SOP 
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24-Pin Plastic ZIP 


RSTW 

Voc 

Dino 

DIN1 
DouTo i Bs) 
DouT1 41 fc: : 


ACK 13 feck 
ASTR 15 [c:f | 
Dour7 17 [=F 
Doute 19 [=F _ 
Din7 21 fF 
DINg 23 [cE 





Pin Identification 


Symbol Function 


Dino - Dinz Write data inputs 


Douto - Dout7 Read data outputs 


RCK Read clock input 

RE Read enable input 

RSTR Read address reset input 
RSTW Write address reset input 
WCK Write clock input 

WE Write enable input 

GND Ground ~ 

Voc +5-volt power supply 
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Block Diagram 


Write 
Column 
Selectors 


Dino 1N7 


Pin Functions 


Dino - Dinz (Data Inputs). New datais entered on these 
pins. 


Douto - Dout7 (Data Outputs). These three-state out- 
puts are used to access stored information. In a simple 
digital delay line application, a minimum delay of 21 
clock cycles is required to move data from the input 
pins to the output pins. 


RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of both RSTR and 
RE are latched by the rising edge of RCK at the 
beginning of a cycle. This same edge of RCK starts 
internal read operation, and access time is referenced 
to this edge. 





The internal read address increments with each RCK 
cycle unless RE is high to hold the read address con- 
stant. Unless inhibited by RE, the internal read address 
will automatically wrap. around from 5047 to 0 and 
begin incrementing again. 


RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is 
at a high level, the data outputs remain valid for that 


a 


Read Data 
Column Output 
Selectors Buffers 


Douto - 20uT7 





address and the internal read address stops increment- 
ing. The state of RE is strobed by the rising edge of 
RCK. 


RSTR (Read Address Reset Input). This signal is 
strobed by the rising edge of RCK and resets the 
internal read address to 0. 


RSTW (Write Address Reset Input). Bringing this sig- 
nal low resets the internal write address to 0. The state 
of this input is strobed by the rising edge of WCK. 


WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are strobed by the rising edge of WCK at the 
beginning of a cycle, and the data inputs are strobed 
by the rising edge of WCK at the end of a cycle. 





The internal write address increments with each WCK 
cycle unless WE is at a high level to hold the write 
address constant. Unless inhibited by WE, the internal 
write address will automatically wrap around from 
5047 to 0 and begin incrementing again. 


WE (Write Enable Input).This input is similar to RE but 
controls write operation. If WE is at a high level, no data 
is written to storage cells and the write address does 
not increment. The state of WE is strobed by the rising 
edge of WCK. 
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Operation 


Reset Cycle. The uPD485505 requires the initialization 
of internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 








A reset cycle can be executed at any time and does not 
depend on the state of RE or WE. However, RSTW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 





Write/Read Cycles. Write and read cycles are synchro- 
nized to their respective WCK/RCK inputs and_exe- 
cuted individually when WCK or RCK is high and WE or 
RE is low. Write data must satisfy setup and hold times 
as specified from the rising edge of WCK. New data 
written to a particular address is available for reading 
after one-half write cycle plus 500 ns (maximum). 


The access time of a read cycle is measured from the 
rising edge of RCK by tac. Stored data is read nonde- 
structively; data can be read repeatedly because data 
hold time is infinite. 


Time Axis Conversion. To use the uPD485505 as atime 
axis converter, write and read cycles must be con- 
trolled independently. Write and read ports must be 
initialized separately using the reset signals. Write 
cycles can then be executed in synchronization with 
WCK and write data can be stored sequentially from 
address 0 of this device. Afterward, when a read cycle is 
executed in synchronization with RCK, stored data 
can be read sequentially from address 0. 


Since write and read cycles can be executed indepen- 
dently, data loaded at one arbitrary drive frequency 
can be read at another arbitrary drive frequency. In this 
sense, the PD485505 functions as a time axis con- 
verter. 


Digital Delay Line. The uPD485505 can be easily used 
as a digital delay line of 5048 bits or less. After the 
internal circuits are initialized using simultaneous 
RSTW/RSTR signals, write/read cycles also may be 
executed simultaneously by supplying the same pulse 
to the write (WCK) and read (RCK) clocks. Write data is 
always read after the full 5048-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. 








if either WE or RE is set at anonselected (high) level for 
several cycles while the other is maintained in a se- 
lected (low) level, the delay line length can differ from 
5048 bits. 


For example, if only WE is a set to a high level (write 
disable) for a small number of cycles, read cycles are 
executed continuously and the delay line length is 
large. Alternatively, if only RE is set to a high level (read 
disable) for a small number of cycles, write cycles are 
executed continuously and the delay line length is 
small. Note that the minimum delay line length is 21 bits 
(for maximum frequency operation) and the maximum 
is 5048 bits. 


A data delay of 5048 bits or less can also be obtained 
by applying the RSTW and RSTR signals at different 
times. For example, data loaded for ‘‘m” cycles after 
RSTW can then be read after supplying RSTR. In this 
case, since write data can be read from the beginning 
after a delay of “m” cycles, the device can be used as 
an m-bit digital delay line. 


The RSTW/RSTR reset signals can also be simulta- 
neously loaded at every 1H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 21 to 5048 
bits (depending on cycle time) can be obtained accord- 
ing to the length of the reset signals supplied. Refer to 
the timing waveform for an “n-Bit Delay Line.” 
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Absolute Maximum Ratings 
Supply voltage, Vog 0.5 to +7.0V 
_-0.5 toVeg +: 0.5.V 
40.5 to Veg + 0.5V 
20 mA 

Oto +70°C 
85 to +125°C 


Voltage on any input pin, vA 
Voltage on any output pin, Vo 
Short-circuit output current, log 
Operating temperature, Topr 
Storage temperature, Tsta 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. , 


DC Characteristics 
Ta = Oto +70°C; Voco = +5.0V +10% 


Recommended Operating Conditions © 


Parameter 


‘Supply voltage 


Input voltage, high 


Input voltage, low 


Ambient temperature 


Symbol Min Typ . Max Unit 
Voc 45 5.0 5.5 Vv 
Vin 2.4 Voo+ 05 V 
Vit -0.3 08 Vv 
TA OO 70 839° 





Capacitance 


Ta = 25°C; Vog = +5.0V £10%; f = 1 MHz 


Parameter *. Symbol 


Input Cc; 
capacitance 


Output 


Co 
capacitance , 


Max Unit Pins Under Test 
5 pF WE, RE, WCK, RCK, - 
RSTW, RSTR, Dino - Dinz 
7 PF — Douto - Dout7 





* These parameters are 


sampled and not 100% tested... 





Symbol 











Parameter Min - Typ. Max Unit Test Conditions 

Write/read cycle operating current loc 80 mA... 

Input leakage current I -10 10 pA: - V) = OV to Voc; all other pins not under test = 0V 
Output leakage current lo -10 10-- pA DouT disabled; Vo = 0 to 5.5 V. 

Output voltage, high ‘Vou 2.4 V “lon = =1mA 

Output voltage, low Vor 0.4 Vs lop =2mA 





A 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V £10% 





pPD485505-25 pPD485505-35 
Parameter Symbol Min Max ‘Min Max. Unit Test Conditions 
Access time tac 18 25 ns 
Data-in hold time tpH 3 3 ns 
Data-in setup time tos 7 10 ns 
Output disable time tyz 5 18 5 25 ns (Note 4) 
Output active time tLz 5 18 5 25 ns (Note 4) 
Output hold time ton 5 5 ns 
Read clock cycle time troKk 25 35 ns 
RCK precharge time trop 9 12 ns 
RCK pulse width trow 9 12 ns 
Read enable hold time tREH 3 ns (Note 8) 
Read enable high delay from RCK trend 3 ns (Note 9) 
Read enable low delay to RCK trENe 7 10 ns (Note 9) 
Read enable setup time tREs 7 10 ns (Note 8) 
Read disable pulse width tRew 0 0 ns 
Reset active hold time tRH 3 ns (Note 6) 
Reset inactive hold time tani 3 3 ns (Note 7) 
Reset inactive setup time tRN2 7 10 ns (Note 7) 
Reset active setup time trs 7 10 ns (Note 6) 
Read reset time tastr 0 ns 
Write reset time tastw 0 ns 
Transition time tr 3 35 3 35 ns 
Write clock cycle time twoKk 25 35 ns 
WCK precharge time twop 9 12 ns 
WCK pulse width twow 9 12 ns 
Write enable hold time tweH 3 ns (Note 8) 
Write enable high delay from WCK twent 3 3 ns (Note 9) 
Write enable low delay to WCK twen2 7 10 ns (Note 9) 
Write enable setup time twes 7 10 ns (Note 8) 
Write disable pulse width twew 0 0 ns 
Notes: 
(1) All voltages are referenced to ground. (7) If either tani or tana is less than the specified value, internal 


reset operations may extend to cycles immediately preceding or 


2) Input pulse rise and fall times assume ty = 5 ns. 
eT PUER u following the period of desired reset operations. 


3) Input pulse levels = GND to 3 V. Transition times are measured 
®) hee 3V and OV (8) If either twes or tweH (tres Or tae) is less than the specified 

, value, write (read) output disable operations are not guaranteed. 
(4) This delay is measured at +200 mV from the steady-state voltage 


: ae ae a 9) 
with the load specified in figure 1. Under any conditions, ti 7 = ( . . : / 
t eae 7 : ee specified value, internal write (read) output disable operations 
Hz: ae may extend to cycles immediately preceding or following the 
(5) Input timing reference levels = 1.5V. period of desired disable operations. 


(6) If either tag or tay is less than the specified value, reset 
operations are not guaranteed. 


If either twen1 °F tweno (tren: OF tRENg2) is less than the 


pPD485505 


Figure 1. Output Loads for Timing 
Measurements 


Parameter 


tz, tyz 
tac: tan: tow tor 





Figure 2. Voltage Thresholds for 
Timing Measurements 
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Timing Waveforms 


Write Cycle 


Cycte n Cycle n+ 1 Cycle n+2 Disable Cycle Cyclon+3 
twoK 


twop 
We au P Nall Nah Neel 
twes tWEH 


twow tWEN1 twWEN2 


z ey 
on TTL Me OL TLL XT 


[1] RSTW = Vj. 
[2] V = valld data. 





Read Cycle 





Notes: 


[1] ASTR = Vy. 
[2] V = valid data. 
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Timing Waveforms (cont) 


Write Reset Cycle 
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Timing Waveforms (cont) 


5048-Bit Delay Line Cycle 






lk tacr toHR 





WERE yy 
nanan 













Notes: 
[1] V = valid data. 
[2] 1H = the first group of 5048 bits. 

2H = the second group of 5048 bits. 
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Timing Waveforms (cont) 


n-Bit Delay Line Cycle 3 


tREH 
: tREN2 


hin 
tos 


LL, IR ERKENL “@ SIDVIMIGIGID 


vor LLL, TT M3 ee TLD NCC 


Notes: 
(1) WE = Vj. 
(2) V = valld data. 
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Timing Waveforms (cont) 


n-Bit Delay Line Cycle 2 





mo MILL MILL BORER ONY 


(1) RE = WE = Vj. 
(2) V = valid data. 
83RD-8366B 
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Timing Waveforms (cont) 


n-Bit Delay Line Cycle 1 


Pour TELL TILLER MK Ko XY) 


o ES WE =ViL. 
(2) V = valid data. 
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Timing Waveforms (cont) 


Time Axis Conversion Cycle 





Walauavauat 
aS, 


tWCK 












Se 


mn TIDKIOOOGO TD COOK DK KOK MOK MOK OK NOK NK NOK NOK 


ASTR 


OU OU OU S a obseeSioonene : 


Notes: 
(1) WE = RE= Me 
(2) V = valid 
(8) Write data Is - eosted into the device 
on the ising edge of WCK at the end 
of a cycle. 
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Description 


The uPD485506 is a 5048-word by 16-bit dual-port line 
buffer fabricated with a silicon-gate CMOS process. 
The device is capable of asynchronous read and write 
operation at high speed, and can be used as atime axis 
converter or a digital delay line of up to 5048 bits (21 
bits minimum at maximum frequency). 


Applications include image processing in facsimile 
machines, plain paper copiers, video systems, and 
other optical scanners; time base correction in video 
playback systems; and data communication buffering 
in multiprocessor systems and local area networks. 


Features 


QO §048-word x 16-bit or 10,096-word x 8-bit 
organization 

QO Fully static operation; data hold time = infinity 

Dual-port operation 

QO Image processing and data communications 
applications 

O Asynchronous and simultaneous reading/writing 

Q 1H (5048-bit) delay line capability for 5048 x 16-bit 

mode 

1H (10,096-bit) delay line capability for 10,096 x 8- 

bit mode — 

TTL-compatible inputs and outputs 

Three-state outputs 

Single +5-volt power supply 

44-pin plastic TSOP (400-mil) 


D 


Oo 


Boaa 


Ordering Information 


Part No. Cycle Time Read Access Package 
(min) Time (max) 
LPD485506G5-25 25 ns 18 ns 44-pin plastic 
TSOP 
G5-35 35 ns 25 ns 
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Pin Configurations 


44-Pin Plastic TSOP 


ce) 


1 
2 
3 
4 
5 
8 
7 
8 





Pin Identification 
Symbol 
Dino > Dinis 


DouTo - Dout1s 
MD 

OE 

RCK 

RE 

RSTR 

RSTW 

WCK 

WE 

GND 


Veco 


_ Function 


Write data inputs 

Read data outputs 
Mode set input 

Output enable 

Read clock input 

Read enable input 

Read address reset input 
Write address reset input 
Write clock input 

Write enable input 
Ground 


+5-volt power supply 
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Block Diagram 


Dino~ Din7 Data 


Input 


Dins- Dints Eater 


Pin Functions 


Dino - Dinis (Data Inputs). New data is entered on 
these pins. c 


Douto - Doutis (Data Outputs). These three-state out- 
puts are used to access stored information. Ina simple 
digital delay line application, a minimum delay of 21 
clock cycles is required to move data from the input 
pins to the output pins. 


MD (Mode Set Input). The level of this signal gives the 
operation mode. A low level enables 5048-word by 
16-bit memory configuration with Djno-Dinis and 
Douto - Doutis. On the other hand, a high level enables 
10,096-word by 8-bit memory configuration with Dino - 
Dinz and Douto - Dout7. This signal is latched by the 
rising edge of WCK (RCK) when RSTW (RSTR) is low 
level. Mode setting can be done Write/Read separately. 








OE (Output Enable Input). This signal controls output 
operation. The state of OE is latched by the rising edge 
of RCK. If OE is at a high level, the data outputs become 
high impedance. 


RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of RSTR, RE, and 
OE are latched by the rising edge of RCK at the 


Douto ~ Pout7 


Douts ~ PouTis5 





beginning of a cycle. This same edge of RCK starts 
internal read operation, and access time is referenced 
to this edge. 


The internal read address increments with each RCK 
cycle unless RE is high to hold the read address con- 
stant. Unless inhibited by RE, the internal read address 
will automatically wrap around from 5047 to 0 or 10,095 
to O and begin incrementing again. 


RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is 
at a high level, the data outputs remain valid for that 
address and the internal read address stops increment- 
ing. The state of RE is strobed by the rising edge of 
RCK. 


RSTR (Read Address Reset Input). This signal is 
latched by the rising edge of RCK and resets the 
internal read address to 0. 


RSTW (Write Address Reset Input). Bringing this sig- 
nal low resets the internal write address to 0. The state 
of this input is latched by the rising edge of WCK. 


WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are latched by the rising edge of WCK at the 
beginning of acycle, and the data inputs are latched by 
the rising edge of WCK at the end of a cycle. 
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The internal write address increments with each WCK 
cycle unless WE is. at a high level to hold the write 
address constant. Unless inhibited by WE, the internal 
write address will automatically wrap around from 
5047 to 0 (5048-word by 16-bit mode) or 10,095 to 0 
(10,096-word by 8-bit mode) and begin incrementing 
again. 


WE (Write Enable Input). This signal controls write 
operation. If WE is at a high level, no data is written to 
storage cells and the write address does not incre- 
ment. The state of WE is latched by the rising edge of 
WCK. 


Operation 


Reset Cycle. The uPD485506 requires the initialization 
of internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 





A reset cycle can be executed at any time and does not 
depend on the state of OE, RE, or WE. However, RSTW 
and RSTR must satisfy required setup and hold times 
as measured from the rising edges of WCK and RCK. 








Write/Read Cycles. Write and read cycles are synchro- 
nized to their respective WCK/RCK inputs when WE or 
RE is low. Write data must satisfy setup and hold times 
as specified from the rising edge of WCK. New data 
written to a particular address is available for reading 


synchronously with the RCK clock after one-half write — 


cycle plus 500 ns (maximum). 


The access time of a read cycle is measured from the 
rising edge of RCK by tac. Stored data is read nonde- 
structively; data can be read repeatedly because data 
hold time is infinite. 


Time Axis Conversion. To use the uPD485506 as atime 
axis converter, write and read cycles must be con- 
trolled independently. Write and read ports must be 
initialized separately using the reset signals. Write 
cycles can then be executed in synchronization with 
WCK and write data can be stored sequentially from 
address 0 of this device. Afterward, when a read cycle is 
executed in synchronization with RCK, stored data 
can be read sequentially from address 0. 


Since write and read cycles can be executed indepen- 
dently, data loaded at one arbitrary drive frequency 
can be read at another arbitrary drive frequency. In this 
sense, the uPD485506 functions as a time axis con- 
verter. 


Digital Delay Line. The uPD485506 can be easily used 
as a digital delay line of 5048 bits in the case of 
5048-word by 16-bit mode or 10,096 bits in the case of 
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10,096-word by 8-bit mode. After the internal circuits 
are initialized using simultaneous RSTW/RSTR signals, 
write/read cycles also may be executed simulta- 
neously by supplying the same pulse to the write 
(WCK) and read (RCK) clocks. Write datais always read 
after the full 5048-bit or 10,096-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. . . 








If either WE or RE is set at a disabled (high) level for 
several cycles while the other is maintained in a se- 
lected (low) level, the delay line length can differ from 
5048 bits or 10,096 bits. For example, if only WE is set to 
a high level (write disable) for asmall number of cycles, 
read cycles are executed continuously and the delay 
line length is large . Alternatively, if only RE is set to a 
high level (read disable) for a small number of cycles, 
write cycles are executed continuously and the delay 
line length is small. Note that the minimum delay line 
length is 21 bits (for maximum frequency operation) 
and the maximum is 5048 bits or 10,096 bits. 


A data delay of 5048 bits or less or 10, 096 bits or less 
can also be obtained by applying the RSTW and RSTR 
signals at different times. For example, data loaded for 
“m’” cycles after RSTW can thenbe read after supplying 
RSTR. In this case, since write data can be read from 
the beginning after a delay of “‘m” cycles, the device 
can be used as an m-bit digital delay line. 











The RSTW/RSTR reset signals can also be simulta- 
neously loaded at every 1H (horizontal line) period. in 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 21 to 5048 
bits (or 10,096 bits) in the case of 25-ns cycle time and 
from 15 to 5048 bits (or 10,096 bits) in the case of 35-ns 
cycle time can be obtained according to the length of 
the reset signals supplied. Refer to the timing waveform 
for an “n-Bit Delay Line.” 


Mode Set Cycle. The uPD485506 has a capability of 


~ changing the memory configuration by judging the MD 


level latched by the rising edge of RCK/WCK at the 
Reset cycle (RSTR/RSTW is low). If MD level is low, the 
memory is set to the 5048-word by 16-bit configuration, 
and if MD level is high, it is set to the 10,096-word by 
8-bit configuration. The write mode set and read mode 
set can be done separately. 
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Absolute Maximum Ratings 
Supply voltage, Voc -0.5 to +7.0V 
~0.5 to Veg + 0.5V 
-0.5 to Veg + 0.5 V 
20 mA 

0 to +70°C 


-55 to +125°C 


Voltage on any input pin, V; 
Voltage on any output pin, Vo 
Short-circuit output current, log 
Operating temperature, Topr 
Storage temperature, Tota 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 


nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V +10% 


Recommended Operating Conditions 


Parameter 

Supply voltage 
Input voltage, high 
Input voltage, low 


Ambient temperature 


Symbol Min Typ Max Unit 
Voc 45 5.0 5.5 V 
Vin 2.4 Veco +05 V 
Vit -0.3 0.8 Vv 
Ta 4) 70 °C 





Capacitance 


Ta = 25°C; Voo = +5.0V +10%; f = 1 MHz 








Parameter * Symbol Max. Unit Pins Under Test 

Input C 7 pF WE, RE, WCK, RCK, MD 

capacitance RSTW, RSTR, Djno - 
Dinis- OE 

Output Co 7 PF = Douto - DouTis 


capacitance 


* These parameters are sampled and not 100% tested. 


























Parameter Symbol! = Min Typ Max Unit Test Conditions 
Write/read cycle operating current loc 140 mA 
input leakage current i -10 10 HA V; = 0 V to Voc; all other pins not under test = 0 V 
Output leakage current lo -10 10 uA DouT disabled; Vo = 0 to 5.5 V 
Output voltage, high Vou 2.4 V lao = -1mA 
Output voltage, low VoL 0.4 lol =2mA 
AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V £10% 

pPD485506-25 p#PD485506-35 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Access time tac 18 25 ns 
Data-in hold time tox 3 3 ns 
Data-in setup time tps 7 10 ns ; 
Output disable time tyz 5 18 5 25 ns ‘(Note 4) 
Output disable time at the mode tHZM 5 18 5 25 ns (Note 4) 
change 
Output active time tz 5 18 25 ns {Note 4) 
Output active time at the mode tLzM 18 5 25 ns (Note 4) 
change i 
Mode set time tub - 0 0 ns (Note 10) 
Mode set hold time tH 10 10 ns (Note 10) 
Mode set setup time tus 20 ns (Note 10) 
Output enable hold time toEH ns (Note 8) 
Output enable high delay from toENt 3 ns (Note 9) 


RCD 
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AC Characteristics (cont) 


»PD485506-25 
Max 


Parameter Symbol Min 
Output enable low delay to RCK toENe 7 
Output enable setup time toes 

Output disable pulse width toEw ¢) 
Output hold time ton 5 
Read clock cycle time track 25 
RCK precharge time trop 9 
RCK pulse width trow 9 
Read enable hold time tReH 3 
Read enable high delay from RCK tREN1 3 
Read enable low delay to RCK tREN? 7 
Read enable setup time tres 7 
Read disable pulse width thew 0 
Reset active hold time try 3 
Reset inactive hold time tani 3 
Reset inactive setup time trne 7 
Reset active setup time trs 7 
Read reset time tastr 0 
Write reset time tastw 0 
Transition time ty 3 
Write clock cycle time twoK 25 
WCK precharge time tweop 9 
WCK pulse width twow 9 
Write enable hold time tWEH 3 
Write enable high delay from WCK tWend 30 
Write enable low delay to WCK tweENe2 7 
Write enable setup time twes 7 
Write disable pulse width twew 0 


Notes: 


(1) 
(2) 
(3) 


(4) 


(5) 


(6) 
(?) 


All voltages are referenced to ground. 
Input pulse rise and fail times assume ty = 5 ns. 


Input pulse levels = GND to 3 V. Transition times are measured 
between 3V and OV. 

This delay is measured at +200 mV from the steady-state 
voltage with the load specified in figure 1. Under any conditions, 
tiz = tyz and tLzm = tHzm- 

Input timing reference levels = 1.5V. 

If either tag or tay is less than the specified value, reset 
operations are not guaranteed. 

If either tan, Or tana is less than the specified value, internal 


reset operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 


35 


(8) 


9) 


(10) 
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Min Max Unit Test Conditions 
10 ns (Note 9) 
10 ns (Note 8) 

ns 
ns 
35 ns 
12 ns 
12 ns 
ns (Note 8) 
3 ns (Note 9) 
10 ns (Note 9) 
10 ns (Note 8) 
0 ns 
ns (Note 6) 
ns (Note 7) 
10 ns (Note 7) 
10 ns (Note 6) 
ns 
ns 
35 ns 
35 ns 
12 ns 
12 ns 
3 ns (Note 8) 
3 ns (Note 9) 
10 ns (Note 9) 
10 ns (Note 8) 
0 ns 


If either twes, tweEH, toes Or toeH (tREs OF tREH) is less than the 
specified value, write (read) output disable operations are not 
guaranteed. 


If either tweny OF twene (tRENd OF tRENa, toENd OF toeNa) is less 
than the specified value, internal write (read) output disable 


operations may extend to cycles immediately preceding or 
following the period of desired disable operations. 


Mode Set signal (MD) must be input synchronously with Write 
Reset signal (tag Tw period) or Read Reset signal (tastR period). 
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Figure 1. Output Loads for Timing Figure 2. Voltage Thresholds for Timing | 
Measurements . . Measurements — 


Parameter 


tLz, tHz, tLZM> tHzZM 
tac: tan: ton: torn 





Timing Waveforms 


Mode Set Cycle (Write) 1 


Deena Ble eon TOIL = XID ve 


tps _|_tDH 


one nko MLL LLLLLLLLLLLLLLLLLLLLLLL | 


Notes: 
(1) WE =VIL 
(2) V =valld data 
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Timing Waveforms (cont) 


Mode Set Cycle (Write) 2 





Reset EE 
tRN1 trasTw tAN2 






tps tbH tos | _tbH 


Dwar er WK = MUL MULL RLS 


Notes: 
(1) WE = Vit 
(2) V=valld data 
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Timing Waveforms (cont) 


Mode Set Cycle (Read) 3 


tRNI trAS tRSTR tRH tRN2 


Vv(0) 


tac 
tOH 


coon _ en OS Uh: 


Notes: 
(1) RE=OE=Vi_ 
(2) V = valid data 
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Timing Waveforms (cont) 


Mode Set Cycle (Read) 4 










tac 





D 
DoUT15 






Note: 
(1) RE=OE=ViL 
(2) V=valld data 
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Timing Waveforms (cont) 


Write Cycle 


Cycle n- Cycle n+1 Cycle n+ 2 Disable Cycle Cycle n+ 3- 
twoK: 


jew | tWEN1 tWEN2 


: TIX = NaN MTN NTL 


{1} ei-Va 
[2] V = valid data. 





Read Cycle (Output Operation Control) 


[1] RSTR = Vip. 
[2] V = valld data. 
[3] RE=Vj. 
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Timing Waveforms (cont) 


Write Reset Cycle 
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Timing Waveforms (cont) 


Time Axis Conversion Cycle 


a 


on TTR RIK ORK OK OK OK NOK OK NOK NK 


RCK 


Watatatatat 
aS, 


tWCK: 


_ 
Leo ” 


XK RIKI IKEA NR OKI KS 


Notes: 

(1) WE = RE = OE=ViL. 

(2) V = valid data. 

(8) Write data Is strobed Into the device 
on the rising edge of WCK at the end 
of a cycle. 
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Timing Waveforms (cont) 


1H Delay Line Cycle 





Pour TL AAA RO XO KON 


o Wen RE=OE=Vy. 
(2) V = valld data. 

(8) H = 5048 bits (5048-word by 16-bit mode) or 
10,096 bits (10,096-word by 8-bit mode) 
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Timing Waveforms (cont) 


n-Bit Delay Line Cycle 1 


| UKeaXKorX] . 
| PRC By #8 tac isn | 
Te WHI RO OK EX 


(1) WE = RE= OE = Vy. 
(2) V = valid data. 
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Timing Waveforms (cont) 


n-Bit Delay Line Cycle 2 


2 oO eX) 


Notes: 
(1) WE = RE = OE= Vj. 
(2) V = valid data. 
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NEC Electronics Inc. 


Description 


The pPD42532 bidirectional data buffer features 
32,768-word by 8-bit organization and CMOS dynamic 
circuitry that provides for high-speed, asynchronous, 
simultaneous write and read operation at a minimum 
cycle time of 100 ns. Two sets of write and read 
registers between the I/O pins and the storage cells 
enable all data to be parallel-transmitted as a single 
register group when the registers are either full or 
empty. The device’s main application is data trans- 
mission between devices having different processing 
speeds, such as between a central processor and a disk. 


x~utomatic refreshing by means of an internal capa- 
bility is performed regularly for the vPD42532—without 
any influence on write and read operation. A built-in 
arbitration circuit performs each required read, write, 
or refresh operation sequentially (even if transparent 
refreshing overlaps with the transmission of data) to 
simplify the device’s external timing requirements. 


The wPD42532 operates from a single +5-volt power 
supply and is packaged in a 600-mil, 40-pin plastic DIP. 
Four FLAG pins, plus FULL and EMPTY pins, are 
provided to monitor the amount of data accumulated in 
storage. 





The wPD42532 is capable of bidirectional input/output 
by means of a port select function. Input and output 
pins are also supplied for cascade connection. Cas- 
cade connection allows any number of wPD42532s to 
be linked together so as to expand word width and 
length without limit. 


Features 


0 32,768-word by 8-bit organization 

C1 CMOS technology 

O Single +5-volt power supply 

C1 independent, asynchronous write/read operation 

0) Bidirectional transmission of input and output data 
(exchange of port functions) 

CO Automatic, regular refreshing 

CO] Internal addressing 

O Flag pin monitoring of accumulated data 

C1] Unlimited expansion of word width and depth 
(cascade connection) 

0 Retransmit (re-read) function 

O High-speed operation 
— Access time: 50 ns maximum 
— Cycle time: 100 ns minimum 

CO 600-mil, 40-pin plastic DIP packaging 





puPD42532 
32,768 x 8-Bit 
Bidirectional Data Buffer 


Pin Configuration 


40-Pin Plastic DIP 





READY A(_]11 
REQUEST A [_] 12 
FLAG (_113 
FLAG2 (_] 14 


N 
oO 
wn 
Nn 
z 
Qa 
a 

3 


FLAG3 [_} 16 25 [_] RESET 
FLAG, [_] 17 24 [—] FL/RT 
EMPTY [_] 18 


Ordering Information 


Access Time Cycle Time 
Part Number {max} (min) Package 


pPD42532C-10 50 ns 100 ns 40-pin plastic DIP 
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Pin Identification 


Symbol Function 

DBpA-DB7A Port A input/output data buses 
DBoB-DB7B Port B input/output data buses 
RESET Reset input 

REQUEST A/REQUEST B Port A/Port B request input 
READY A/READY B ‘Port A/Port B ready output 
EMPTY Empty output 

FLAG4-FLAG, Flag outputs 

FULL Full output 

PS Write/read port select input 

IR Interrupt read request input 
FL/RT . First load/retransmit input 

Cin Cascade connection input 
Court Cascade connection output 
TEST . ~ Test pin (connect to GND in system) 
GND Ground 

Voc +5-volt power supply 

NC No connection 


Pin Functions 


DB A-DB7A/DB oB-DB7B. These pins function as 8- 
bit data buses for write input or read output depending 
on the status of the PS pin. The output drivers are 
three-state outputs. 


RESET. This pin initializes the internal counters and 
pointers. 


REQUEST A/REQUEST B. Depending on the status of 
PS, one pin corresponds to the read port and the other 
to the write port. To initiate a write or read cycle, the 
signal goes low for the respective port (if READY A or 
READY B is low, the corresponding REQUEST input is 
ignored internally). These pins can be connected to the 
WR and RD pins of a CPU. 


READY A/READY B. Depending on the status of PS, 
one pin corresponds to the read port and the other to 
the write port. When a write or read cycle is possible, 
the READY signal is high for the respective port. These 


pins can be connected to the READY pins of a CPU or 
DMA controller. 


EMPTY. The signal from this pin is low whenever the 
amount of data accumulated is exactly : pyte> and 
high in-all other cases. 


FLAG ,-FLAG,. These pins reflect the amount of data 
accumulated in the storage array. By combining the 
output signals, it is possible to monitor (in 2K byte 
steps) data quantities of up to 32K bytes. 


FULL. The signal from this pin is low when the storage 
cells are full of accumulated data, and high in all other 
cases. 


PS. This pin is used to specify the direction of data 
transfer. When PS is high, Port A serves as the write 
port and Port B as the read port. When PS is low, the 
functions of the two ports are reversed. 


IR. If the data accumulated in storage is less than 64 
bytes (i.e., one register’s capacity), the READY signal 
for the read port goes low to inhibit reading. However, 
forcing IR high makes it possible to read all stored data. 


Read cycles are normally executed so as to maintain 
the stored data volume at levels above 2K bytes. If the 
data volume drops below 2K bytes for devices with 
process code K, all remaining data must be read using 
the interrupt read option. 


FL/RT. This pin designates the lead device when 
multiple devices are cascade connected. It is high only 
for that device and low for all others. If the device is not 
cascaded, a low FL/RT controls the retransmit (re- 
read) function; other than during retransmission, 
FL/RT must be high. 


Cin. This pin is used to expand word depth and is 
connected to the Court pin of the device preceding it in 
cascade connections. If word depth is not expanded, 
Cin is connected to Cour of the same device. 


Court- This pin is used to expand word depth and is 
connected to the Cin pin of the device following it in 
cascade connections. If word depth is not expanded, 
Court is connected to Cjy of the same device. 
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Block Diagram 


Refresh 
Timer 


Write 
Address 
READY A 
REQUEST B 


“READY B Address 
ms onerat 
Generator 
CouT 
RESET 
FLIRT 


PS 


Port al 


Port B{ 


Refresh 
Address 
Counter 


Operation 
Reset Cycle 


After power is applied to the yPD42532, it is necessary 
to clear the internal counters and initialize the write 
and read address pointers by executing a reset cycle. A 
reset cycle can be executed at any time by setting the 
RESET pin to a high logic level. However, once this 
cycle is initiated, RESET, REQUEST, and FL/RT must 
be kept high for a minimum time of tsw before the 
RESET signal goes low again (see waveform for “Reset 
Cycle”). The RESET, REQUEST, and FL/RT signals are 
all high at the start of a reset, except in cascade 
connections, in which case a high FL/RT is required 
only in the first stage. 


After a reset, the READY signal for the write port, 
READY (W), is driven high to prepare for a write cycle. 
Subsequently, the REQUEST signal for the write port, 
REQUEST (W), can be set low to commence writing. 
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Fiaa EMPTY 
Decoder FULL 
FLAG to FLAG4 


Status 
Counter 


32K Word x 8-Bit 
Storage Cell Array 


Address Selector 


IR a pee 
Write Data Read Data . gets sigh . 
Register Register ata Register x 


i 


VO Buffer 


DBoB-DB7B 
(Port B) 


: vO Buffer 


DBoA-DB7A 
(Port A) 
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A standard read cycle can be executed once data 
written to one of the 64-byte registers has filled that 
register and been transferred to the storage cells. The 
READY signal for the read port, READY (R), goes high 
to prepare for the cycle. Subsequently, the REQUEST 
signal for the read port, REQUEST (R), can be set low 
to commence reading. 


Write Cycle 


In a write cycle, data is written to one of two 64-byte 
write registers before being transferred to the storage 
cells. Whenever 64 bytes have been written into one 
register, write operation automatically shifts to the 
other and the contents of the first are transferred to 
storage. High-speed write cycles are thus executed 
continuously by alternating registers repeatedly. Write 
data must satisfy the requirements for setup and hold 
times as measured against the rising edge of REQUEST 
(W) [see waveform for “Write Cycle”]. 
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A write cycle can be initiated any time READY (W) is 
‘high by setting REQUEST (W) low. To allow a write 
cycle to be executed in one port even while the other 
port may be executing a read cycle, READY (W) is 
always high after a reset, except in the following cases: 


e Whenever the storage cells are full of accumulated 
data 

e While the device is executing a forced read cycle 
(see Interrupt Read Cycle) 

‘ @ When a retransmit operation is being performed 

(see Retransmit Cycle) 


While READY (W) is off, the REQUEST (W) signal is 
ignored internally and no write cycle is executed. 


Figure 1. Write Register Operation 


Storage Cells 
32K x 8 


t 


Write Data 
Register | 64% 'S x2 
VO Buffer 


Figure 2. Read Register Operation 


Storage Cells 
32K x 8 


i 


Read Data 64% 8x2 
Register 
; VO Buffer 
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Read Cycle 


In a read cycle, data is not read directly from the 
storage cells but rather from one of two 64-byte read 
registers. After 64 bytes of data have been read from 
one register, read operation automatically shifts to the 
other and the contents of the first are subsequently 
replaced by data from the storage cells. High-speed 
read cycles are thus executed continuously ‘by alter- 
nating registers repeatedly. 


Data is output after a maximum access time of tac, 
measured from the falling edge of REQUEST (R). 
When REQUEST (R) is high or READY (R) is low, the 
outputs are in a state of high impedance (see waveform 
for “Read Cycle”). 


Astandard read cycle can be initiated any time READY 
(R) is high by setting REQUEST (R) low. To allow a read 
cycle to be executed in one port even while the other 
port may be executing a write cycle, the READY (R) 
signal is always high, except in the following cases: 


e Whenever the data accumulated is less than 64 bytes 
e While aretransmit operation is being performed (see 
Retransmit Cycle). 


While READY (R) is low, REQUEST (R) is ignored 
internally and no read cycle is executed. 


Flags 


The uPD42532 supplies signals from the EMPTY pin, 
the FULL pin, and the four FLAG pins to indicate the 
amount of stored data in units of approximately 2K 
bytes. Accumulated data is reflected as the difference 
between the write address counter and the read 
address counter. Thus, if a total of 16K bytes have been 
read while 32K bytes have been written since the most 
recent reset, the amount of data in storage is 16K bytes. 


The FULL and EMPTY pins are used to prevent 
overwriting and overreading. To control write-opera- 
tion on data units of register length (64 bytes), the 
FULL pin outputs a low signal when stored data 
reaches the 32,705- to 32,768-byte range. Whenever 
write cycles are executed continuously and the storage 
cells become full, REQUEST (W) is ignored and the 
signals of FULL. and READY (W) are driven low to 
inhibit writing. Meanwhile if.read cycles are executed 
and the data decreases to 32,704 bytes or less, READY 
(W) goes high again to enable write operation. 
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The EMPTY pin goes low whenever stored data is 
exactly 0 bytes. Since standard read cycles cannot be 
executed if the quantity of data drops below 64 bytes, 
READY (R)-goes low to inhibit read operation. When- 
ever write cycles are executed and stored data 
increases to 64 bytes or more, READY (R) goes high 
again to enable read operation. 


The status of the FLAG pins depends on the internal 
status of the write and read address counters. These 
counters are incremented as data is transferred to or 
from the storage array. Since the logic levels of the 
FLAG pins reflect movement of blocks of data on a 
64-byte-register basis rather than on a single-byte 
basis, the status indicated by these pins can be in error 
by a maximum of 255 bytes with respect to the actual 
amount of data accumulated [i.e., the sum of the write 
register (63 bytes), the read registers (128 bytes), and 
the 64 bytes currently being transferred]. This discrep- 
ancy means that two adjacent ranges of stored data, as 
indicated by the FLAGs, can overlap by up to 191 bytes. 


The following table shows the combination of signals 
output from these pins. 


Table 1. Stored Data as Indicated by Flag Pins 
Amount of Stored FLAG 
Data (bytes) 

32705 to 32768 
30721 to 32767 
28673 to 30911 
26625 to 28863 
24577 to 26815 
22529 to 24767 
20481 to 22719 
18433 to 20671 
16385 to 18623 
14337 to 16575 
12289 to 14527 
10241 to 12479 
8193 to 10431 

6145 to 8383 

4097 to 6335 

2049 to 4287 

1 to 2239 
0 
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Notes: 
(1) 1= high level 
(2) 0 = low level 
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Interrupt Read Cycle 


Whenever the amount of stored data drops below 64 
bytes (i.e., one register’s capacity), or 2K bytes for 
devices with process code K, READY (R) is driven low 
to inhibit reading. Any data remaining in a write 
register can only be read by means of an interrupt (or 
forced) read cycle. 


An interrupt read cycle can be executed by forcing the 
IR pin high. At this point, data is transferred from the 
write register to one of the read registers via the 
storage array, and write operation is disabled until all 
stored data has been read. If this cycle is initiated after 
READY (R) goes low, read operation will be delayed 
until all data has been transferred to one of the read 
registers. 


Once the device completes reading of its last address, 
the EMPTY and READY (R) signals are driven low and 
READY (W) goes high to enable write operation again 
(unless a retransmit cycle has been requested). Read 
cycles will be executed only after 64 bytes or more have 
been written and transferred to storage. 


Retransmit Cycle 


The wPD42532 will execute a retransmit cycle when- 
ever a low-level pulse is applied to RT. A retransmit 
cycle initializes the read address counter to starting 
address 0. Although retransmission can be executed at 
any time, REQUEST (W) and REQUEST (R) must be 
high before and after the low RT signal is applied. 


During this cycle, the READY signals are pulsed low to 
temporarily inhibit writing and reading, and the FLAG 
and EMPTY signals vary in accordance with the 
amount of data in storage. After READY (W) goes high 
again, the retransmit preparation cycle is complete. 
Write operation can resume after an extra delay to 
ensure stability of the FLAG and EMPTY pins. If an 
interrupt read signal is applied during retransmission, 
the interrupt read cycle is executed after termination of 
the retransmit cycle. 





The retransmit function is only useful in systems where 
less than 32K bytes of data are written between resets. 
If a retransmit cycle is executed after more than 32K 
bytes are written, old data cannot be retransmitted. 


Since the RT pinis multiplexed as the first load (FL) pin 
in cascade connections, cascaded devices cannot be 
used for retransmission. In single-device configura- 
tion, this pin is always high except during a retransmit 
cycle. 
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Port Select Function 


The uPD42532:is able to change the direction of data 
transfer according to the logical level of the signal 
applied to the PS pin. When a high-level input is 
applied to PS, Port A becomes the write port and Port B 
the read port. When PS is low, the functions of the two 
ports are reversed. While port functions are being 
assigned, the REQUEST signals must be kept high. 


Since register and storage cell data are preserved 
_ during port selection, data written to a particular. port 
can also be read from that same port. 


Cascade Connection 


The uPD42532 can be used in a single-device, 32K by 
8-bit configuration or it can be cascade connected by 
means of the. Cjy and Coyrt pins to allow unlimited 
expansion of word width and length: 


Single-Device Configuration. When using the 
uPD42532 as a single 32K by 8-bit data buffer, connect 
Court to Cin and set the FL pin to a high logic level 
(see figure 3). 


Expanded Word Width. When using multiple devices 
to expand word width, connect RESET, REQUEST, PS, 
and IR to the corresponding pins of each uPD42532 in 
parailel and apply common control signals. Each Coyt 
pin should be connected to its own Cyx pin (as in the 
single-device configuration) and a high-level input 
applied to each FL. The flag pins of a single wPD42532 
can be used to represent the entire system (see 
figure 4). 


Expanded Word Length. When using multiple devices 
to.expand word length, set a high-level input to FL of 
the lead yPD42532 and a low-level input to FL ofall the 
others. Each Court pin should be connected to Cjy of 
the device following it; Cour on the last device should 
be connected to Cjy of the lead device. Connect 
RESET, REQUEST, PS, and IR to the corresponding 
pins of each uPD42532 in parallel and apply common 
control signals. 


The EMPTY, FULL, and READY pins of each device, 
respectively, can be ORed together by external logic. 
‘OR’ outputs are composite EMPTY, FULL, and READY 
signals for all data buffers (see figure 5). 





Operation. To enable operation of uPD42532s in cas- 
cade connection, setthe RESET signal(s) high to clear 
the internal counters and initialize the write and read 
address pointers. When the reset is complete, start 








writing to the lead device. While data is being written to 
the first, all other devices output low. READY signals 
and ignore the REQUEST signals. When write opera-: 
tion in the first u~PD42532 (n) reaches the last address, 
its Cour pin outputs a high-level signal and:forces Cijy 
of the next device high. Write operation shifts to the 
next device in succession (n.+ 1). The. READY (W) 
signal of the first device (n) is driven low, and the 
READY (W) signal of the succeeding device (n + 1) 
goes high. 


lf only write cycles are being executed, each data 
buffer outputs a low FULL signal as writing is com- 
pleted for that device. At the point where the last device 
finishes writing to its last. address, all wPD42532s 
output low-level FULL and READY (W) signals. The 
ORed composite of these signals should be used to 
inhibit write operation. 





If write and read cycles are being executed simultane- 
ously, and the storage cells in the lead device are not 
full of accumulated data when the last device com- 
pletes writing to its last address, write operation shifts 
to the lead uwPD42532 again. Writing continues in this 
manner until every data buffer is full. 


Read cycles also begin with the lead device (n) and 
shift to the next (n + 1) once the last address has been 
read. When all devices have been completely emptied 
of data, the ORed composite of the EMPTY signals is 


_ low. If the expanded word length configuration has less 


than 64 bytes of data in a write register, EMPTY will not 
be at alow level; READY (R) will be low to indicate that 
standard read operation may not proceed. Forced read 
or dummy write cycles will be required to continue 
reading any accumulated data of less than 64 bytes. 


Figure 3. Single-Device Configuration Block 
Diagram 


System A System B 


Port Select 


Flags 


Interrupt Read 
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Figure 4. Expanded Word Width Block Diagram 
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Figure 5. Expanded Word Length Block Diagram 
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Absolute Maximum Ratings 


Terminal voltage, Vy —1.5 to +70 V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tst¢ —55 to +125°C 
Output current, Ig 50 mA 
Power supply voltage, Voc —1.5 to +70 V 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


Recommended DC Operating Conditions 
Ta = 0 to +70°C; Voc = +5.0 V +10% 


Parameter Symbo! Min’ Typ Max Unit 
Input voltage, high  Viy 2.4 Vec V 
Input voltage, low Vit —1.0 0.8 V 


DC Characteristics 
Ta =0 to +70°C; Voc = +5.0 V £10% 





Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby supply = Ic¢cy 20 mA _ REQUEST A,B 
current = Vin 
Write/read cycle cco 80 mA_ two = 100 ns; 
supply current trac = 100 ns 
Write cycle lec3 60 mA two= 100ns; 
supply current REQUEST (R) = Viy 
Read cycle loca 60 mA tpco = 100 ns; 
supply current REQUEST (W) = Vin 
Input leakage h —10 10 wA V,=0to Vcc: 
current other inputs = 0 V 
Output leakage — Io —10 10 pA Vo=0to Voc; 
current output disabled 
Output voltage, Voy 2.4 Vo sloy=—t mA 
high 
Output voltage, VoL 04 Vo Ip. =4mA 
low 





yuPD42532 
Capacitance 
Ta = 0 to +70°C; Voc = +5.0 V +10% 
Limits 
Parameter Symbol Min Typ Max Unit Pins Under Test 
Input capacitance  C, 10 pF REQUEST, RESET, 
PS, Cin, IR, FL/RT 
Output capacitance Co 10 pF READY, FLAG,- 
FLAG,, Cour, 
FULL, EMPTY 
Input/output Cio 10 pF DBo-DB7 . 
capacitance 1 Si 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V £10% 





Parameter - 
Read cycle time 
REQUEST (R) pulse width 
REQUEST (R) precharge time 
REQUEST (R) low hold time after READY (R) high 
READY (R) low output time 
~~ Access time 
Access time after READY (R) high 
Output data hold time 
Output data off time 
Low-impedance output delay 
Low-impedance output delay after READY (R) high 
READY (R) low time when empty 
READY (R) low time when almost empty 
Write cycle time 
REQUEST (W) pulse width 
REQUEST (W) precharge time 
REQUEST (W) low hold time after READY (W) high 
READY (W) low output time 
Write data setup time 
_ Write data hold time 
REQUEST high setup time 
READY (W) low time when full 
FLAG,-FLAG, output times 
EMPTY and FULL output valid times 
EMPTY and FULL output hold times 
FULL output off time 
Court output off time when read request is executed 
Court output on time when write request is executed 
Ciy setup time for REQUEST (R) 
Cin setup time for REQUEST (W) 
Reset pulse width 
READY, FULL, and EMPTY output times after reset 
FLAG,-FLAG, output times after reset 
REQUEST precharge hold time after reset 
RT disable hold time after reset 
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Symbol: 
tac 
traw 
trap 
tron 
tRRF 
tac 
tacR 
ton 
torr 
tiz 
tizr 
tsAR 
temr 
twe 
twow 
twap 
twon 
twrF 
tow 
toH 
tarp 
teLw 
tFLO 
teFo 
teFH 
tor 
tcor 
tcow 
tcir 
tciw 
tsw 
tswr 
IssF 
tswa 
tsrt 


S/sisis 


S| 8/8) se 


s/s 


ty +30 


10 
10 
100 


8/8 


Limits 


10000 


10000 — 


30 


40 


4800 + 64 twc 
4800 + 63 twe 


10000 


10000 
30 


3200 + 64 tac 
4800 
40 


3200 
40 
40 


80 
100 


Unit 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Test Conditions 
(Note 5) 


(Note 6) 
(Note 14) 


(Note 8) 
(Note 8) 


(Note 5) 


(Note 6) 


(Note 6) 


(Note 9) 
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AC Characteristics (cont) 

Limits 
Parameter Symbol Min Max Unit Test Conditions 
CoyT output low time after reset ; tswe 100 ns 
READY (R) on time after interrupt read is executed terrR 0 6400 ns (Note 7) 
READY (W) off time after interrupt read is executed tewrR 50 ns (Note 7) 
READY (W) on time after interrupt read tiraw 100 ns (Note 11) 
REQUEST (W) hold time after IR input tron 60 ns (Note 13) 
REQUEST (W) setup time before IR input tro 60 ns 
IR pulse width tew 50 2000 ns (Notes 4, 12, 13) 
REQUEST hold time after PS input tpag 100 ns 
REQUEST setup time before PS input tpo 100 ns 
READY output time after port selection tpsr 50 ns 
RT pulse width tarw 50 2000 ns (Note 4) 
REQUEST setup time before AT input tert 60 ns (Note 10) 
REQUEST hold time after RT input tera 60 ns 
READY (R) on time after retransmit is executed teTR 6400 ns (Note 7) 
READY (W) on time after retransmit is executed twat 4800 ns (Note 7) 
READY off time after retransmit is executed trrt 50 ns 
EMPTY and FULL output hold times after retransmit test 0 ns 
is executed 
EMPTY reset time after retransmit is executed trTE 3200 ns 
FLAG4-FLAG, output valid times after retransmit tatr 8000 ns 
is executed 
Input transition time ty 5 50 ns 
Notes: 


(1) All voltages are referenced to GND. 

(2) All ac measurements assume input pulse rise and fall times of 
5 ns. 

(3) The input voltage reference levels for timing ratings are Vj,4 (min) 
and Vi_ (max). Transition time ty is defined between Vj and Vj,. 


(4) IR and RT inputs cannot be applied simultaneously. A timing 
delay of at least 100 ns is required. See figures 6 and 7 for 
acceptable input methods. 


(5) The maximum pulse width of 10,000 ns applies only when the 
READY signal is on. 


(6) REQUEST cannot be raised to a high level during the tgrp + 
tRan (or twan) interval. 


Figure 6. Input Timing for IR and RT: Method 1 
100 ns 
IR 
RT 
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(7) If an RT (IR) pulse is applied during IR (RT) operation, the RT 
(IR) operation is delayed until {R (RT) operation is released. 

(8) “Empty” is defined as the state where the amount of stored data 
is zero, and “almost empty” is defined as the state where the 
amount of data is 1 to 63 bytes. 


(9) tror is defined from the rising edge of the REQUEST (R) 
signal when the amount of stored data reaches the prescribed 
value (that is, the value at which the FULL signal changes froma 
low level to a high level as defined in Table 1). 


(10) tgrr = 4800 ns minimum for the devices with process code K. 


Figure 7 Input timing for IR and RT: Method 2 
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AC Characteristics (cont) 


Notes [cont]: 


(11) After all data has been read in an IR cycle for devices with 
process code K, always input a RESET signal to initialize the 
internal circuitry before proceeding to the next operation. See 
figure 8. 


(12) The IR signal is invalid whenever the EMPTY signal is low on 
devices with process code K. 


(13) If an IR input signal is applied in a cascade connection for 
devices with process code K, the REQUEST (W) signal must 
stay at a high level until all data has been read. 


(14) Read cycles are normally executed so as to maintain the stored 
data volume at levels above 2K bytes. !f the data volume drops 
below 2K bytes for devices with process code K, read all of the 
remaining data using the interrupt read option. 


Figure 8. Reset Pulse After IR Operation 


Eve Read During IR Operation 


REQUEST (R) \ / 


RESET / \ 
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Figure 9. 


Input Timing 


83-004806A 


Output Timing 
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Figure 11. Output Loads 


Output Terminal 
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Timing Waveforms 





Reset Cycle 
tsw 
RESET 
 ——— 
tSRT 
cm 7TTTTTTITTTT, (WE 
—_———— $s 


READY(W) 


REQUEST(W) 





tswR tSRR 


READY(R) 


tarp tRON 
REQUEST(R) 
tEFO tRaw 
tEFH 

Pent 

EMPTY | 

| 
.— eo — 

a 


Liss 


FLAG to 
FLAG, acne 
kine 
CouT 
Notes: 
(1) IR = low 


(2) PS = high or low 
83-004814B 
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Timing Waveforms (cont) 
















Write Cycle 
twe 
REQUEST(W) 
twew twaop tWRF 
| . ——— tFLW 
Sa ee 
tow 





tbH 


tEFO 
tEFH 


SS ooo 





READY(W) 






teEFO 





tEFH 
Se 
tFL 
FLAG} to Ss i a ae 
FLAG, | 
| S$ 2) 
Notes: 
(1) IR = low 


(2) FLIRT = high 
(3) PS = high or low 
(4) RESET = low 
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Timing Waveforms (cont) 
tRRF 
tEMR 


Read Cycle 


REQUEST(R) 
tRaw trap 


Re ae 






_—_——————————— : 
—_—___— Se ee 





FLAG; to 
FLAG4 






Notes: 

(1) IR = low 

(2) FURT = high 
(3) PS = high or low 
(4) RESET = low 
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Timing Waveforms (cont) 


Interrupt Read Cycle 


darenseneeninntatnetimmst 


tFQB tFaa 


meme Tf “TT V7 


READY(W) 


REQUEST(R) NU. aa 


tFRR ee 
READY(R) 


a 
EMPTY 


Notes: 

(1) PS = high or low 
(2) FLIRT = high 

(3) RESET = low 
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Timing Waveforms (cont) 


Retransmit Cycle 
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Timing Waveforms (cont) 


Port Select Cycle 


REQUEST(A) 


REQUEST(B) 


READY(A) 


READY(B) 
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Timing Waveforms (cont) 


Cascade Cycle 


REQUEST(W) 


REQUEST(R) 


READY(W) 
(n) 


READY(R) 
(n) 


READY(W) 
(n+ 1) 


READY(R) 
(n + 1) 


Notes: 

(1) IR = low 

(2) FLIRT = high or low 
(3) PS = high or low 

(4) RESET = low 
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Description 


The uPD42601 silicon file is an economical mass 
storage device specifically designed to replace mag- 
netic disk drives in silicon disk, solid-state recording, 
and system backup applications in a variety of com- 
puter systems. Organized as 1,048,576 words by 1 bit, 
the wPD42601 provides a battery backup feature for 
enhanced system performance and a substantial sav- 
ings in power consumption. 


The device is capable of executing standard access or 
page-mode write and read_cycles. Refreshing is 
accomplished by means of CAS before RAS refresh 
cycles, RAS-only refresh cycles, self-refresh cycles, or 
by normal read or write cycles on the 512 address 
combinations of Ap through Ag during a 32-ms period. 


The wPD42601 is uniquely suitable for battery backup 
systems because it requires a very low power supply 
current for extended periods of self-refresh operation. 
If ambient temperature is limited to 50°C (max), as little 
as 30 wA (max) is required to maintain all data. 


The uPD42601 is available in high-density 20-pin plastic 
Z|Por 26/20-pin plastic SOJ packaging. 


Features 


1) 1,048,576-word by 1-bit organization 

0 Single +5-volt +10% power supply 

1 CMOS technology 

C1 Low operating power: 12 mA maximum 

1) 30 wA maximum self-refresh current at 0 to 50°C 
0 Read or write cycle time: 1000 ns minimum 

C] Page-mode cycle time: 200 ns minimum 

C) CAS before RAS refreshing 

[ 512 refresh cycles during 32-ms period 

CO Automatic self-refreshing by RAS input cycling 


Ordering Information 


Self-Refresh 
Page-Mode Current 
Part Number Cycle (min) (max, 50°C) Package 
uPD42601LA-60 200 ns 120 vA 26/20-pin plastic SOJ 
LA-60L 200ns 30 uA 
uPD42601V-60 200 ns 120 vA 20-pin plastic ZIP 
V-60L 200 ns 30 wA 


60080 (NECEL-1069) 


Pin Configurations 
26/20-Pin Plastic SOJ 


uPD42601 
Silicon File 
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20-Pin Plastic ZIP 
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Pin Identification Absolute Maximum Ratings 
Name Function Voltage on any pin relative to GND, Vy —1.0 to +7.0 V 
Ag - Ag Address inputs oe Operating temperature, Topr : 0 to +70°C 
Din Data input Storage temperature, Tstg —55 to +125°C 
Dour Data output Short-circuit output current, Ios 50 mA : 
RAS . Row address strobe Power dissipation, Pp 1.0 W 
CAS Column address strobe Supply voltage, Voc ' —1.0 to +7.0V 
WE Write enable Comment: Exposure to Absolute Maximum Ratings for extended 
RFSH Self-refresh control periods may affect device reliability; exceeding the ratings could 
—_—_---_—__--- cause permanent damage. The device should be operated within the 
GND Ground limits specified under DC and AC Characteristics. 

_. Voc +5-volt power supply 
NC No connection 


Block Diagram 


Refresh Address Row Address Column Address 
Latch 


Counter Latch 


Row Address Column Address 


Row Address 
Decoder 


Storage 
Cell 
Matrix 


Column Address 
Decoder 
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Operation 
Write and Read Operation 


The uwPD42601 is capable of standard write and read 
operation as well as page-mode operation. The ten row 
address bits are set up on pins Ag through Ag and 
latched onto the chip by RAS. Subsequently, ten 
column address bits are set up on pins Ag through Ag 
and latched onto the chip by CAS. An appropriate write 
or read cycle is executed according to the logical level 
of WE: a high WE initiates a read cycle and low WE 
initiates a write cycle. 


Page-mode operation may be executed by pulsing 
CAS repeatedly while maintaining a low RAS. The first 
word is accessed in the same manner as in standard 
write and read operation, with row addresses latched 
onto the chip by RAS and column addresses latched by 
CAS. Subsequent column addresses are accessed for 
each CAS cycle, repeated during a period up to the 
maximum RAS pulse width. 


Refresh Operation 


CAS before RAS Refreshing. This cycle may be 
initiated by bringing CAS low before RAS and holding 
it low after RAS falls. A built-in address counter makes 
external addressing unnecessary. 


RAS-Only Refreshing. RAS-only refreshing is exe- 
cuted by holding CAS high as the row addresses are 
latched onto the chip by RAS. Using this cycle, all 
storage cells are refreshed by the 512 address com- 
binations of Ag through Ag during a 32-ms period. 


uPD42601 


Self-Refreshing. Aself-refresh cycle is initiated for the 
addresses generated by the internal counter whenever 
RFSH is active low and the RAS input is cycling (see 
figure 1). Since the minimum required RAS cycling 
frequency depends on ambient temperature, power 
consumption will also vary with temperature as shown 
in the AC and DC Characteristics. For extended 
periods of self-refresh operation, a low supply current 
is required; e.g., if ambient temperature is limited to 
50°C (max), as little as 30 wA (max) is required to 
maintain all data. 





Recommended DC Operating Conditions 
Ta = 0 to +70°C; GND =0V 


Limits 

Parameter Symbol Min To Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input voltage, high Vin 24 5.5 V 
Input voltage, low ViL —1.0 0.8 V 
Capacitance 
Ta = 25°C; f= 1 MHz 
Parameter Symbol Max —_ Unit Pins Under Test’ 
Input capacitance Ci 5. pF Address, Diy 

Cio 8 pF RAS, CAS, WE, 

RFSH 

Output capacitance Cp 7 pF Dout 
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DC Characteristics 
Ta = 0 to +70°C; Voc = +5.0 V + 10% 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Operating current, Icc; 12 mA_ RAS, CAS cycling; 
average lo =0 mA; 
tac = tac (min) 
Standby current —Iece 2.0 mA RAS =CAS =RFSH 
= Vin 
0.5 mA RAS =CAS =RFSH 
= Voc — 0.4; Ap-Ag, 
Din and WE = Voc 
—040r<04V 
Operating current, I¢c3 10 MA tre = tac (min); 
RAS-only refresh, lo =O mA 
average 
Operating current, Iocq 10 mA tac = tac (min); 
CAS before RAS lp =O mA 
refresh, average 
Operating current, Iccs 30 wA RAS cycling at 50 


self-refresh mode, kHz (Notes 1, 2, 3, 4) 


averens 60 uA RAS cycling at 100 

kHz (Notes 1, 2, 3, 4) 
120 wA RAS cycling at 200 

kHz (Notes 1, 2, 3) 

Operating current, Iccg 12. mA tpc = tpg (min); 

page mode, lo =O mA 

average 

Input leakage Ne —1 1 pA Vin =0 to Voc; all 

current other pins not under 
test =0V 

Output leakage lo. —1 1 pA Dour disabled; 

current Vout = 0 to Voc 

Output voltage, Vo. 04 V top =42mA 

low 

Output voltage, Voy 2.4 V Io=-5 mA 

high 

Notes: 


(1) When teag < 2.5 ms, loos does not depend on the RAS clock; 
locos (max) = 500 vA. When tras = 2.5 ms, loos (max) = 500 uA in 
the first 2.5 ms after RFSH falls (it does not depend on the RAS 
clock). Subsequently, Iocs is 120 wA for the yPD42601 or is as 
shown in the following table for the wPD42601-L. 


Operating Clock Self-Refresh 
Temperature [Ta] Frequency [min} Current [max] 
Oto 50°C 50 kHz 30 wA at 50 kHz 
Oto 60°C 100 kHz 60 wA at 100 kHz 
Oto 70°C 200 kHz 120 uA at 200 kHz 
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(2) tacr depends on operating temperature as reflected in the table 
below (see figures 2 and 3). 


Operating trcF [max] 
Temperature [Ta] ¢P'D42601-L yPD42601. 
0 to 50°C 20 us 5 us 
0 to 60°C 10 us 5 us 
0 to 70°C 5 us 5 ys 


(3) Average power supply current required for self refreshing is 
measured according to the following conditions: RAS is cycling 
at 50, 100 or 200 kHz; Vin = Voc — 0.4 V; Vip $0.4 V; tr S50 ns; Ag 
to Ag, Diy, WE and CAS = Voc to GND; RFSH = Vi_. When RFSH 
=Vi_ ($0.4 V), the RAS input must be cycled at or exceeding the 
minimum frequency requirements. , 


(4) This specification applies to the 4PD42601-L only. For the non-L 
version, Iocg is 120 uA, maximum, at all Ta. 


AC Characteristics 
Ta = 0 to +70°C; Voc = +5.0 V +10% 


Limits 


Parameter Symbol Min Max Unit Test Conditions 
Random read or write tec 1000 ns (Note 5) 
cycle time 

Page-mode cycle time tpc 200 ns (Notes 5, 15) 
Access time from RAS trac 600 ns_ (Notes 6, 7) 
Access time from CAS tac 100 ns _ (Notes 6, 8) 
(falling edge) 

Output buffer turnoff — torr 0 100 ns (Note 9) 
delay 

Transition time (rise — tT 3 50 ns_ (Notes 3, 4) 
and fall) 

RAS precharge time _tpp 390 ns 

RAS pulse width tras 600 100000 ns 

RAS hold time trsH 100 ns 

CAS pulse width tcas 100 10000 ns 

CAS hold time tcsH 600 ns 

RAS to CAS delay time trcp 150 500 ns (Note 10) 
CAS to RAS precharge tcrp 30 ns (Note 11) 
time 

CAS precharge time —_tcpn 90 ns 

(non-page cycle) 

CAS precharge time tcp 90 ns (Note 15) 
(page cycle) 

RAS precharge CAS _trpc 0 ns 

hold time 
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AC Characteristics (cont) 


Ta = 0 to +70°C; Vog = +5.0 V +10% 


Limits 
Parameter Symbol Min Max 
Row address setup tasr 0 
time 
Row address hold time tray 90 
Column address setup tasc 0 
time 
Column address hold —tcay 90 
time 
Column address hold tar 590 
time referenced to RAS 
Read command setup —_tacs 0 
time 
Read command hold __ tray 75 
time referenced to RAS 
Read command hold __ trcy 0 


time referenced to CAS 


Write command hold ~— twcon 90 
time 


Write command hold twcr 590 
time referenced to RAS 


Write command pulse twp 90 
width 

Data-in setup time tos 0 

Data-in hold time toy 90 
Data-in hold time_ tpHR 590 
referenced to RAS 

Write command setup tyes 0 

time 

CAS setup time for —tcsp 30 
CAS before RAS refresh 


CAS hold time for CAS tou, 105 
before RAS refresh 


Refresh period trer 





Self-Refresh Cycle 
RFSH pulse width tras 810 


RAS toRFSH delay _trrp 100 
time 

RAS setup time ters 200 
to RFSH 


RAS cycle time in self- tacr 1000 
refresh mode 


RAS precharge time in tape 390 
self-refresh mode 


32 


Unit Test Conditions 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 
ns 


ns 


ns 


ns 


ms 


ns 
ns 


ns 


ns 


ns 


(Note 12) 


(Note 12) 


(Note 14) 
(Note 14) 


Addresses 
Ag-Ag 


(Note 13) 


(Note 16) 


Limits 
Parameter Symbol Min Max Unit Test Conditions 
Self-Refresh Cycle (cont) 
RAS pulse width in tase 600 ns 
self-refresh mode 
RFSH to RAS delay _ trp 100 ns 
time 
RAS hold time in self- tery 200 ns 


refresh mode 


Notes: 
(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up (Voc = 
+5.0 V 10%), followed by any eight RAS cycles, before proper 
device operation is achieved. RAS, CAS, and RFSH must equal 
Viq-during the initial pause. 


(3) Ac measurements assume ty = 5 ns. 


(4) Vin (min) and Vi, (max) are reference levels for measuring 
timing of input signals. Transition times are measured between 
Vin and Vi,. 


(5) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(6) Load =2 TTL loads and 100 pF (VoH = 2.4 V, Vo. = 0.4 V). 


(7) Assumes that tacp = trop (max). If tacp is greater than the 
maximum recommended value in this table, trac increases by 
the amount that tacp exceeds the value shown. 


(8) Assumes that tacp = tacp (max). 


(9) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(10) Operation within the trop (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacp (max), access time is controlled 
exclusively by tcac. 


(11) The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(12) Either tary or tracy must be satisfied for a read cycle. 


(13) When teas < 2.5 ms, loos does not depend on the RAS clock; 
Iocs (Max) = 500 HA. When teas = 2.5 ms, Iocs (max) = 500 vA 
for the first 2.5 ms after RFSH falls (it does not depend on the 
RAS clock). Subsequently, Iocg is 120 uA for the uPD42601 or is 
as shown in the following table for the wPD42601-L. 


Operating Clock Self-Refresh 
Temperature [Ta] Frequency [minj Current [max] 

0 to 50°C 50 kHz 30 wA at 50 kHz 

0 to 60°C 100 kHz 60 wA at 100 kHz 

0 to 70°C 200 kHz 120 pA at 200 kHz 
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Notes [cont]: 


(14) These parameters are referenced to the falling edge of CAS for 
early write cycles. 


(15) This parameter is applicable to page-mode operation. 


(16) tacr depends on operating temperature as reflected in the table 
below (see figures 2 and 3). 


Operating ___trer imax] 
Temperature [Ta] vPD42601-L #PD42601 
0 to 50 °C 20 us 5 us 
0 to 60°C 10 us 5 us 
0 to 70°C 5 us 5 us 


‘Figure 1. Internal Address Generation in Self-Refresh Operation 





Self-Refresh Operation 


19 RAS Clocks 
(Note 1) 


Address (n — 1) Refresh Address (n) Refresh Address (n+ 1) 
Refresh 
Notes: : 
(1) One internal address is refreshed every 19 RAS pulses. 


(2) The self-refresh mode is intended primarily for long 
periods of refresh-only operation. ; 





uPD42601 





Figure 2. Special Requirement for tacg Near Periods of Limited Standard Refresh Cycles 


Self-Refresh Operation 


sr 


Notes: 

[1]. The value for tacF [min] is specified in AC Characteristics. The 
value for tacF [max] is dependent upon temperature and shown 
in the table below. 


tRCF [max] 
Ta uPD42601-L uPD42601 


50°C 20 us 5 us 
60°C 10 us 5 us 
70°C 5 us 5 us 


[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tRcF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tncF is the delay between the 
tast CBR cycle and the first self-refresh pulse. 


{3} In this period of normal read/write operation, there are no CBR 
refresh cycles or less than 512 RAS-only refresh cycles. 





Self-Refresh Operation 


Normal Read and Write Operation 


(Note 3) 


[4] The time delay between the last self-refresh pulse in one self- 
refresh cycle, and the first self-refresh pulse in the next cycle, is 
defined by tacF [max] when the intervening period of read and 
write operation meets the conditions in Note 3. 


{5] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during. normal read and write 
operation to.refresh one address location every 62 ys or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 





Figure 3. Timing Restrictions for Entering and Exiting Self-Refresh Operation 


. Self-Refresh 


RFSH Operation 


Last 
Self-Refresh 
Pulse 


First CBR 
Cycle 


tRCF 


Notes: 


[1] The value tor tRCF [min] is specified in AC Characteristics. The 
value for thcF [max] is dependent upon temperature and shown 
in the table below. 


tRcF [max] 

Ta uPD42601-L uPD42601 
50°C 20 us 5 us 
60°C 10 us 5 us 
70°C 5 us 5 us 


{2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tacr is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-retresh operation, tacF is the delay between the 
last CBR cycle and the first self-refresh pulse. 





Normal Read/Write Operation 


Self-Refresh 
Operation 


First 
Self-Refresh 
Pulse 


Last CBR 
Cycle 
tRCF 


[3] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the fast cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 ys or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 


83-004501B 





Timing Waveforms 


Read Cycle 


7 a ANNNANI 
tCSH ee trp — 


| 
3 tRSH 
i tcas 


os 77777} | A\\ // ANNI 


ta 


eee 117) aaa aaa |" a 






Note: 
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Timing Waveforms (cont) 


Write Cycle (Early Write) 


KYA 


L// AA 


= KOK IIS ad 


ITIP DTT LT PT 7. 
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Timing Waveforms (cont) 


Page-Mode Read Cycle 





| tasc 


Ce XEYOCEXTZIN EXD 


High Impedance 


e: 
(1) RFSH = Vi. 
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Timing Waveforms (cont) 


Page-Mode Write Cycle (Early Write) 


tCAH 


tRAH . tCAH tcp tCAH tCPN 





tASR tasc tasc tasc 


| | 
sme DERM NSEXTLTMEXIL ITT 


(1) RFSH = Vin. 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High Impedance 
Dout 


Notes: 
(1) RFSH = Vin. 
(2) WE and Din = don’t care. 
83-004951B 





CAS Before RAS Refresh Cycle Self-Refresh Cycle 


Note: 


ee el rr (1) CAS, WE, Din, Address = don't care. 


Notes: 83-004952A 
(1) RFSH = Vin. 
(2) WE, Din, Addresses = don’t care. 
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NEC a 
| 4,194,304 x 1-Bit 


NEC Electronics Inc. Silicon File 
Description Pin Identification 
The uPD42641 is a fast-page, low-power dynamic RAM ‘Name punenen 
organized as 4,194,304 words by 1 bit and designedto Ao-Ato Address inputs 
operate from a single +5-volt power supply. Advanced CAS Column address strobe 
polycide technology minimizes silicon area and pro- Dis Data input 
vides high storage cell capacity, high performance, 

F a ae : : : Dout Data output 
and high reliability. A single-transistor dynamic storage — 
cell and advanced CMOS circuitry throughout ensure PAS Ron eddroes sirohe 
minimum power dissipation, while an on-chip circuit WE Write enable 
internally generates the negative-voltage substrate bi- GND Ground 
as—automatically and transparently. Voc +5-volt power supply 
The three-state output is controlled by CAS indepen- NC No connection 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by Pin Configurations 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 


26/20-Pin Plastic SOJ 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by RAS- 
only refresh cycles or by normal read or write cycles on 
‘the 1024 address combinations of Ap - Ag during a 
16-ms refresh period. 


In automatic self-refresh mode, the uPD42641 retains 
data for extended time periods with very-low power 
consumption (80 yA at 50°C). This feature is most 
useful in battery backup applications. 


Features 


O 4,194,304-word by 1-bit organization 

QO Single +5-volt power supply 

O Fast-page option 

O Low power dissipation 

— Active: 90 mA 

— Standby: 1.0 mA (CMOS interface) 

— Self-refresh: 30 WA (trace = 3.2 us, Ta = 50°C) 
CAS before RAS refresh cycles 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

Automatic self-refreshing by RAS input cycling 
1024 refresh cycles every 16 ms 

26/20-pin SOJ and TSOP plastic packages (300- 
mil) 





Ooqagngn0noagaang 080 
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Pin Configurations (cont) 





26/20-Pin Plastic TSOP (Normal Pinouts) 26/20-Pin Plastic TSOP (Reverse Pinouts) 





»uPD42641 


Suffix—9JD In the package Kentifier 
denotes normal pinout sequence. 


Suffix9KD In the package Identifier 
denotes reverse pinout sequence. 





Block Diagram 


RAS Clock CAS Clock 
Generator Generator 
——— REE Go 
ara ee 
CAS Before RAS 


Internal Refresh 
Clock 


. 
Sense Amplifier 


Address Buffer 
Row Decoder 
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Ordering Information 








RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 
UPD42641LA-80L ‘80 ns 160 ns 50 ns 26/20-pin plastic SOJ 
uUPD42641GS-80L 80 ns 160 ns 50 ns 26/20-pin plastic TSOP (normal pinouts) 
uPD42641 GSM-80L 80 ns 160 ns 50 ns 26/20-pin plastic TSOP (reverse pinouts) 





Absolute Maximum Ratings 





Recommended Operating Conditions 


Max Unit 














Voltage on any pin relative to GND -10 to +7.0V Parameter Symbol Min Typ 
Operating temperature, Topr 0 to +70°C Input voltage, high Vin 2.4 Voo + 1.0 Vv 
Storage temperature, Tst¢ —55 to + 125°C Input voltage, low Vit -1.0 0.8 V 
Short-circuit output current, log 50 mA Supply voltage Veco 45 5.0 5.5 Vv 
Power dissipation, Pp 1.0W Ambient temperature Ta 0 +70 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- Capacitance 
nent damage. The device should be operated within the limits Ta = 25°C; f= 1 MHz 
specified under DC and AC Characteristics. Parameter Symbol Max Unit Pins Under Test 
Input capacitance CH 5 pF Address 
Cp 8 pF RAS, CAS, WE, Dy 
Output capacitance Co 7 PF Dour 
DC Characteristics . 
Ta = Oto +70°C; Vog = +5.0 V +10% 
Parameter Symbol Min Max Unit Test Conditions 
Standby current lece 2.0 mA RAS = CAS = Vjyq (min) 
. 1.0 mA RAS = CAS = Voc - 0.2 V; Address, Diy, WE 

= Veco -0.2 V or s 0.2V 
input leakage current I ~10 10 HA Vin = OV to Voc; 

all other pins not under test = OV 
Output leakage current low -10 10 uA Dout disabled; Vout = OV to Voc 
Output voltage, low VoL 0.4 V lo. = 4.2 mA 
Output voltage, high Vou 2.4 Vv loy = -5 mA 





ao 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V £10% 














pPD42641-80 
Parameter . Symbol Min Max Unit Test Conditions 
Operating current, average loci 90 mA RAS and CAS cycling; tac = tro min; Io = 0 
mA (Note 5) 
Operating current, RAS-only refresh cycle, locos 90 mA RAS cycling; CAS = Vi; tro = tro min; lo = 
average 0 mA (Note 5) 
Operating current, CAS before RAS refresh loo4 90 mA RAS cycling; CAS before RAS; tag = tro min; 
cycle, average lo = O mA (Note 5) 
Operating current, fast-page cycle, average loce 90 mA RAS < Vy; CAS cycling; tpg = tpc min; lo = 
: 0 mA (Note 5) ; 
Access time from column address taa 40 ns (Notes 7, 9) 
Access time from CAS precharge (rising edge) tacp 45 ns (Notes 7, 9) 
Column address setup time tasc 0 ns 
Row address setup time tasr 0 ns 
Column address to WE delay time tawpb 40 ns (Note 16) 
Access time from CAS toac 20 ns (Notes 7, 9) 
(falling edge) 
Column address hold time toaH 15 ns 
CAS pulse width tcas 20 10,000 ns 
CAS hold time for CAS before RAS refresh.cycle tour 15 ns 
CAS to output in low impedance teLz 0 ns (Note 7) 
CAS precharge time, fast-page cycle top 10 ns 
CAS precharge time, nonpage cycle tcopn 10 ns 
CAS to RAS precharge time, read-write mode torpi 10 ns _— (Note 12) 
CAS hold time tosH 80 ns 
CAS setup time for CAS before RAS refresh tosr 10 ns 
cycle 
CAS to WE delay towo 20 ns (Note 16) 
Write command to CAS lead time towL 15 ns 
Data-in hold time too 15 ns (Note 15) 
Data-in setup time tos 0 ns (Note 15) 
Output buffer turnoff delay toFF 0 20 ns (Note 10) 
Fast-page cycle time tpc 50 ns (Note 6) 
Fast-page read-modify-write cycle time tprwe 80 ns (Note 6) 
Access time from RAS trac 80 ns _—_ (Notes 7, 8) 
RAS to column address delay time tRAD 47, 40 ns _—_ (Note 9) 
Row address hold time tRaH 12 ns 
Column address lead time referenced to RAS tRAL 40 ns 
(rising edge) 
RAS pulse width tras 80 10,000 ns 
RAS pulse width, fast-page cycle tRasp 80 125,000 ons 
Random read or write cycle time tro 160 ns (Note 6) 
RAS to CAS delay time trop 25 60 ns _— (Note 11) 
Read command hold time referenced to CAS trou 0 ns (Note 13) 
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AC Characteristics (cont) 
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Parameter Symbol Min 
Read command setup time tacos 0 
Refresh period tREF 

RAS hold time from CAS precharge tRHcP 45 
RAS precharge time trp 70 
RAS precharge CAS hold time trpc 10 
Read command hold time referenced to RAS tRRH 10 
RAS hold time tRsH 20 
Read-write cycle time trwe 185 
RAS to WE delay trwp 80 
Write command to RAS lead time tawL 20 
Rise and fall transition time ty 3 
Write command hold time twcouH 15 
Write command setup time twos 0 
WE hold time twurR 15 
Write command pulse width twp 15 
WE setup time twsR 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj, to ensure normal 
operation. 

(8) AC measurements assume ty = 5S ns. 


(4) 


(5) 


(6) 


(8) 


(9) 


Vin (min) and Vi. (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Ving and Vi. 


loc loos: loca, and legg depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iogg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 


Assumes that tacp = trop (max) and tran = trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that trop or trap 
exceeds the value shown. 


If trap 2 trap (max), then the access time is defined by tga. 


(10) torr (max) defines the time at which the output achieves the 


open-circuit condition and is not referenced to Voy or VoL. 


Max Unit Test Conditions 
ns 

32 ms Addresses Ag - Ag 
ns 
ns 
ns 
ns (Note 13) 
ns 
ns (Note 6) 
ns (Note 16) 
ns 

50 ns (Note 3) 
ns 
ns (Note 16) 
ns 
ns _— (Note 14) 
ns 

(11) Operation within the trop (max) limit assures that taac (max) 


(12) 


(13) 
(14) 


(15) 


(16) 


(17) 


can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


The tcpp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twop must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twes, tawo, tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos = twes 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftowp 2 tcwp 
(min), tawp = tawp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Viz) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. tis therefore 
recommended that while WE is held at Vjp, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Self-Refresh Cycle 
Ta = 0 to +70°C; Voc = +5.0V £10% © 


Parameter Bate i _ Symbol Min _.. Max Unit Test Conditions 
































Operating current, self-refresh mode (average) loos 30, 60, or 90 HA "RAS eyeling (Note 1, 2, 3) 

CAS precharge time in CBR refresh mode topci 20 ns ania 

CAS precharge time from self-refresh mode to _ topes 100 “ons | 

read-write mode 

CAS to RAS precharge time from self-refresh torpe 200 Ya ns 

__ mode to normal read-write mode 
Ma ” CAS to RAS precharge time in CBR refresh - torps 40 ns 
-“, mode 2 

CAS pulse width in self-refresh mode tosr 360 ns (Note 1) 

RAS cycle time in self-refresh mode * tro 360 ns (Note 2) 

CAS to RAS precharge time from self-refresh to trpce 100 ns 

normal .read-write mode 

RAS precharge time in self-refresh mode. tRPF 200 ns 

RAS pulse width in self-refresh mode tasF 150 ns 

Notes: . 

(1) With RAS cycling at 32 kHz, when tcgr < 35 ms, pe! = 1.0mA. (4) When exiting self-refresh to a period of read and write operation 
When tegr = 35 ms, locos = 1.0 mA during the first 35 ms after “that inlcudes CBR refresh cycles, tac is the delay between the 
the self-refresh mode set cycle is applied. Subsequently, the last self-refresh cycle pulse and the first CBR cycle. When 
maximum value is as follows. _. . entering the self-refresh operation, tacr is the delay between the 

Ta Clock (min) logs (tose) locos (tose) last CBR cycle and the first self-refresh pulse. 
: In this period of normal read/writ tion, th CBR 
Oto 50°C 32 kHz 1.5 mA (<35 ms) 30 pA (> 35 ms) 2 ‘ok es cides ice ten joes ony ea betes a 
Oto 60°C 64kHz © 2mA(<18ms) _. 60 uA (> 18 ms) ay ; 
~ Qto70°C 128kHz 4mA(<9ms) 120 pA (> 9 ms) (6) The time delay between the last self-refresh pulse in one self- 
Th | f d Ae - refresh cycle and the first self-refresh pulse in the next cycle is 
@ 7 a ue of taoF ee on operating temperature (Ta). defined by tpor (max) when the intervening period of read and 
A ACF (max) write operation meets the conditions in note 4. 
0 to 50°C 32 pts : pone sa (7) The built-in counter generates the refresh address in self-refresh 
0 to 60°C 16 ps and CBR refresh cycles. Since this address increments sequen- 
0 to 70°C 8 ys tially from the last cycle in either self-refresh or CBR operation to 


the first cycle in the alternate refresh mode, CBR refreshing 
should be used during normal read and write operation to refresh 
one address location every 32 sus or less. If some other means of 
refreshing is used, a burst refresh of all storage cells is necessary 
just before changing: ‘to and just after exiting self-refresh opera- 
tion. 


(8) Average power supply current for self-refresh is measured ac- 
cording.to the following conditions. 
RAS cycling at 32, 64, or 128. kHz; 
CAS s 0.2V; WE = Voc - 0.2 V; 
Vin > Veo - 0.2 V; Vit < 0.2 V; 
‘tr s 50 ns; Ag- Ayo and Din =_Voo to GND 
During self-refresh operation, the RAS input must be cycled at or 
, exceeding the minimum frequency requirement. 
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Timing Waveforms 


Read Cc ycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





pPD42641 N: E Cc 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
tre 


High Impedance _ 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 








Note: 
(t] WE = Vjy. 





CAS Before RAS Refresh Cycle 


Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 





Self-Refresh Cycle 


— Voc -0.2V — 
RAS cc 





Normal Refresh/Self-Refresh Timing 


First CBR cycle 
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Timing Waveforms (cont) 


Self-Refresh Mode Set Cycle 
tras trp tras —— taSF ‘apr ss tRSF tRPF trs tPF 


tacr ——>| taCF tRCF 
tcsr 


< twWHR /- twHR 


twsr twsr 


CBR Refresh CBR Refresh Self-Refresh 
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Timing Waveforms (cont) 
Self-Refresh Mode Reset Cycle 


RSF |, 'RPF taSF taPF tRSF taPF 
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NEC Electronics Inc. 


Description 


The uPD42644 is a fast-page, low-power dynamic RAM 
organized as 1,048,576 words by 4 bits and designed to 
operate from a single +5-volt power supply. Advanced 
polycide technology minimizes silicon area and pro- 
vides high storage cell capacity, high performance, 
and high reliability. A single-transistor dynamic storage 
cell and CMOS circuitry throughout ensure minimum 
power dissipation, while an on-chip circuit internally 
generates the negative-voltage substrate bias—au- 
tomatically and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ao - 
Ag during a 16-ms refresh period. 


A low-power self-refresh cycle allows the yPD42644 | to 
retain data for extended periods of time with very low 
power consuption (30 WA at 50°C). This feature allows 
the uPD42644 to be used in battery backup applica- 
tions with greater savings in power consumption. 


Features 


QO 1,048,576 by 4-bit organization 

QO Single +5-volt power supply 

QO Fast-page option 

OQ Low power dissipation 

— 90 mA active 

— 1.0 mA standby (CMSO interface) 

— 30 WA self-refresh (tacr = 32 us, Ta = 50°C) 
CAS before RAS refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Automatic self-refreshing by RAS input cycling 
Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 

26/20-pin plastic SOJ (300 mil), 20-pin plastic ZIP, 
and 26/20-pin plastic TSOP packaging 
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uPD42644 
1,048,576 x 4-Bit 
Silicon File 


Pin Configurations 


26/20-Pin Plastic SOJ 


Suffix -9UD In the package Kdentifier 
denotes normal pinout sequence. 
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Pin Configurations (cont) Absolute Maximum Ratings 
26/20-Pin Plastic TSOP (Reverse Pinou ts) Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tstg —55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp — 10W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low VIL -1.0 0.8 V 
Suffix -9KD In the package Identifier —_—_—_—_—_—————_—_—_==_é_KeKé—_—_—_—_eee—e—————X—<—<—<<$<$ 
denotes reverse pinout sequence. Supply voltage Vec 45 5.0 5.5 Vv 
Ambient temperature Ta 0 70 °C 
Pin Identification Capacitance 
Name Function . Ta = 25°C; f = 1 MHz 
Ag - Ag Address inputs Parameter Symbol Max Unit Pins Under Test 
VO, - VO4 Data inputs and outputs Input capacitance Cy 5 pF Addresses 
CAS Column address strobe Cig 6 pF __RAS, CAS, WE, OE 
OE Output enable Input/output Co 7 pF VO, - VO 
capacitance 
RAS Row address strobe 
WE Write enable 
GND Ground 
Voc +5-volt power supply 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V +10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vixq (min); lo = OMA 
1.0 mA RAS = CAS = Voc - 0.2 V; Ap - Ag, /O and WE = Voc - 
0.2 or = 0.2 V; lyo = OMA 
Input leakage current wy -10 10 uA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current loin) ~10 10 UA Dout disabled; Vout = 0 V to Voc 
Output voltage, low VoL 0.4 V lo, = 4.2mA 
Output voltage, high Vou 2.4 Vv lon = ~S mA 
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Block Diagram 








Column Decoder 


Memory Array 


Row Decoder 
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Ordering Information 














RAS Access RW Cycle Fast-Page - ; ‘ 
Part Number Time (max) Time (max) Cycle (max) Power Option . Package _ 
UPD42644LA-80L 80 ns 160 ns “ ""50ns * Standard’ 26/20-pin plastic SOJ (800 mil) 
uPD42644GS-80L 80 ns 160 ns i 50 ns Standard 26/20-pin plastic TSOP (normal pinouts) 
UPD42644GSM-80L 80 ns 160 ns 50 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 





AC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V 10% 





























-80 10 
_ Parameter Symbol Min Max: Min Max —_- Unit_—‘ Test Conditions 
Operating current, average loc1 90 80 mA RAS and CAS cycling; the = tro min; 
one ; lo = 0 mA (Note 5) 
Operating current, RAS-only locs 90 80 mA __ RAScyeling; CAS = Vii tac = tac min; Io 
refresh cycle, average. : ; , a = 0 mA (Note 5) 
Operating current, CAS before loca 90 80 - mA RAS cycling; CAS before RAS; trac = trac 
RAS refresh cycle, average : min; lo = 0 mA (Note 5) 
Operating current, self-refresh loos 30 30 vA RAS cycling. at 32: kHz (Notes 16, 17, 18) 
mode; average 60 60 yA RAS cycling at 64 kHz (Notes 16, 17, 18) 
120 120 — “WA RAS cycling at 128 kHz (Notes 16, 17, 18) 
Operating current, fast-page loce 90 60 mA RAS s Vy; CAS cycling; tpo = tp min; Io 
cycle, average ; = 0 mA (Note 5) 
Access time from column address taq 40 50 ns (Notes 3, 4, 7, 8) 
Access time from CAS precharge tacp 45 55 ns (Notes 3, 4, 7, 8) 
(rising edge) 
Column address setup time tasc ie) 0 ns 
Row address setup time tasr 0 ce) ns 
Column address to WE delay tawo 65 80 ns (Note 14) 
time 
Access time from CAS toac 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 
Column address hold time toay 15 20 ns 
CAS pulse width toas 20 10,000 25 10,000 ns 
CAS hold time for CAS before tour 15 20 ns 
RAS refresh cycle 
CAS to output in low impedance toLz 0 0 ns (Notes 4, 7) 
CAS precharge time, fast-page top 10 15 ns 
cycle 
CAS precharge time, nonpage topn 10 10 ns 
cycle 
CAS to RAS precharge time tort 10 10 ns _—_ (Note 10) 
CAS hold time tcosH 80 100 ns 
CAS setup time for CAS before tcosr 10 10 ns 
RAS refresh cycle 
CAS to WE delay towp 45 55 ns _—_ (Note 14) 
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AC Characteristics (cont) 











-80 -10 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Write command to CAS lead time — towt 15 20 ns 
Data-in hold time toH 15 20 ns (Note 13) 
Data-in setup time tos ie) 0 ns (Note 13) 
Access time from OE toEA 20 25 ns (Notes 3, 4, 7, 8) 
OE delay data time toeD 20 25 ns 
OE command hold time toEH 0 0 ns 
OE to inactive setup time toEs 0 0 ns 
Output turnoff delay from OE toez ¢) 20 0 25 ns (Note 9) 
Output buffer turnoff delay torr ie) 20 0 25 ns (Note 9) 
OE to output in low-Z toLz 0 0 ns (Notes 6, 7) 
Fast-page cycle time tpc 50 60 ns (Note 6) 
Fast-page read-modify-writ tppwc 100 120 ns (Note 6) 
cycle time : 
Access time from RAS > trac 80 100 ns (Notes 8, 4, 7, 8) 
RAS to column address delay tRAD 17 40 17 50 ns (Note 8) 
time , 
Row address hold time tRAH 12 12 ns 
Column address lead time tRAL 40 50 ns 
referenced to RAS (rising edge) 
RAS pulse width tras 80 10,000 100 10,000 ns 
RAS pulse width, fast-page cycle trasp 80 125,000 100 125,000 ns 
Random read or write cycle time tac 160 190 ns (Note 6) 
RAS to CAS delay time trop 25 60 25 70 ns (Note 8) 
Read command hold time tRcH 0 0 ns (Note 11) 
referenced to CAS : 
Read command setup time tros 0 0 ns 
Refresh period tReF 32 16 ms Addresses Ag - Ag 
RAS precharge time trp 70 80 ns 
RAS precharge CAS hold time trpc 10 10 ns 
Read command hold time . trRH 10 10 ns (Note 11) 
referenced to RAS 
RAS hold time tasH 20 25 ns 
Read-write cycle time tawc 210 250 ns (Note 6) 
RAS to WE delay trwo 105 130 ns (Note 14) 
Write command to RAS lead time — trwi 20 25 ns 
Rise and fall transition time tr 3 50 3 50 ns (Note 4) 
Write command hold time tweou 15 20 ns (Note 12) 
Write command setup time twes 0 0 ns (Note 14) 
WE hold time tWHR 15 20 ns 
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AC Characteristics (cont) 











-80 -10 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Write command pulse width twp 15 20 ns (Note 12) 
WE setup time twsr 10 10 ns 
Notes: 
(1) All voltages are referenced to GND. is a read-write cycle and the data I/O pins will contain data read 


from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Viz) is indeterminate. 


(2) An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is e, a 
recommended that either a RAS-only or CAS before RAS refresh (15) A test mode may be initiated by executing a CAS before RAS 
cycle be executed while WE 2 Vj; to ensure normal operation. refresh cycle with WE held at Vy. This mode also may inadvert- 

antly be initiated during power-up because external control of 


3) Ac measurements assume ty = 5ns. 
®) ' ire eetlaag i the signal lines is very difficult during this period. Itis therefore 




















(4) Vin (min) and Vi_ (max) are reference levels for measuring the recommended that while WE is held at Vj, either a RAS-only or 
timing of input signals. Transition times are measured between CAS before RAS refresh cycle should be executed at any time 
Vin and Vi. after the end of the initial power-up sequence to ensure normal 
(5) loos loos: locg, and logs depend on output loading and cycle device operation. 
rates. Specified values are obtained with the output open. Ioc3 (16) When togr < 35 ms, logs depends on the RAS clock; logs (typ) 
is measured assuming that all column address inputs are held at = 1.5 mA. When tog¢ 2 35 ms, logs (typ) = 1.5 mA in the first 
either a high level or a low level during RAS-only refresh cycles. 35 ms after a self-refresh set cycle is applied (depending on the 
loc4 is measured assuming that all column address inputs are status of RAS). Subsequently, logs is 120 WA or as shown in the 
switched only once during each fast-page cycle. following table for the -L version. 
(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range Operating Clock Frequency Self-Refresh 
(Ta= 0 to +70 °C) is assured. Temperature (T,) (min) Current (max) 
(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy=2.0 V 0 to 50°C 32 kHz 30 WA at 32 kHz 
and Vous 0:6 ¥). 0 to 60°C 64 kHz 60 LA at 64 kHz 
(8) Iftaop S tacos (max) and trap s tap (max) access time is a ee eo ene og a 
defined by tac (max). If taop 2 tacp (max) access time is 0 to 70°C 126 kHz 120 WA at 126 kHz 
defined by toac (max) and if tpap = trap (max) access time is 
defined by ta, (max). (17) tao depends on operating temperature as reflected in the table 
(9) torr (max) and togz (max) define the time at which the outputs below: 
become open-circuit and are not referenced to Voy or Vor. 
(10) The torp requirement should be applicable for RAS/CAS cycles Operating Temperature (Ta) tror (max) 
preceded by any cycle. 0 to 50°C $2 ys 
(11) Either tary or troy must be satisfied for a read cycle. 0 to 60°C 16 ps 
(12) Parameter twp is applicable for a delayed write cycle such as a Oto 70°C 8 Ls 





read-write/read-modify-write cycle. For early write cycles, both 
twos and twox must be met. 
(18) Average power supply current required for self-refreshing is 


(13) These parameters are referenced to the falling edge of CAS for measured according to the following conditions: RAS is cycling 


early write cycles and to the falling edge of WE for delayed write at 32, 64 or 128 kHz; CAS < 0.2V; WE = Voc-0.2V; Vin > Voc 
or read-modify-write cycles. -0.2V; Vi_ < 0.2 V; tr < 50 ns; Ag-Ag and /O = Voc to GND. 

(14) twos; trwo, tewp. and tawp are restrictive operating parame- During self-refresh operation, the RAS input must be cycled at or 
ters in read-write/read-modify-write cycles only. If twos = twos exceeding the minimum frequency requirements. 


(min), the cycle is an early write cycle and the I/O pins will 
remain open-circuit throughout the entire cycle. If towp = towp 
(min), tawo 2 tawp (min), and tawp 2 tawp (min), then the cycle 


o 
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Self-Refresh Cycle 
Ta = Oto +70°C; Vog = +5.0 V £10% 


Parameter Symbol 
CAS pulse width in self-refresh operation tosF 
RAS cycle time in self-refresh operation tacr 
RAS precharge time in self-refresh operation tapr 
RAS pulse width in self-refresh operation tasF 
CAS to RAS precharge time from self-refresh torp2 
operation to normal read/write operation 

CAS setup time for self-refresh operation tosre 
CAS to RAS precharge time CAS before RAS tcrp3s 
refresh operation 

CAS precharge time in CAS before RAS refresh topc 
operation 

CAS to RAS precharge time from self-refresh tapce 


operation to normal read/write operation 


Notes: 


(1) When togr = 35 ms, locos depends on the RAS clock; Iocs (typ) 
= 1.5 mA. When tcsr = 35 ms, Iocs (typ) = 1.5 mA in the first 
35 ms after a self-refresh set cycle is applied (depending on the 
status of RAS). Subsequently, locs is 120 uA or as shown in the 


following table for the -L version. 


Operating Clock Frequency Self-Refresh 
Temperature (Tp) (min) Current (max) 
0 to 50°C 32 kHz 30 WA at 32 kHz 
0 to 60°C 64 kHz 60 pA at 64 kHz 
0 to 70°C 128 kHz 120 WA at 128 kHz 


(2) The value for tacr (min) is specified in AC Characteristics. The 
value for taor (max) is dependent upon temperature as shown in 


the table below: 


Operating Temperature (T,) tracr (max) 
0 to 50°C 32 ps 
0 to 60°C 16 ps 
0 to 70°C 8 us 


(3) 


(4) 


(5) 


(6) 
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Min Max Unit Test Conditions 
360 ns (Note 1) 

360 (Note 2) ns 

200 ns 

150 1000 ns 

200 ns 

10 ns 

40 ns 

20 ns 

100 ns 


When exiting self-refresh to_a period of read and write operation 
that includes CAS before RAS refresh cycles, taop_is delayed 
between the last self-refresh cycle pulse and the first CAS before 
RAS cycle. When entering self-refresh operation, taor is the delay 
between the last CAS before RAS cycle and the first self-refresh 
pulse. 


In this period of normal read/write operation, there are no CAS 
before RAS refresh cycles or less than 1024 RAS-only refresh 
cycles. 


The time delay beetween the last self-refresh pulse in one self- 
tefresh cycle and the first self-refresh pulse in the next cycle is 
defined by tacr (max) when the intervening period of read and 
write operation meets the conditions in note 3. 


The bulit-in counter generates the refresh address in self-refresh 
and CAS before RAS refresh cycles. Since this address incre- 
ments sequentialy from the last cycle in either self-refresh or CAS 
before RAS operation to the first cycle in the alternate refresh 
mode, CAS before RAS refreshing should be used during normal 
read and write operation to refresh one address location every 32 
us or less. If some other means of refreshing is used, it is 
necessary to execute a burst refresh of all storage cells just 
before changing to and just after exiting self-refresh operation. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 








twos 
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{1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 


tOEH 


toeD 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


tRWL 


AA tOEH 


= ZL | 


toga tOED 
toa toez 


High Impedance | (AA) AMAAAAAAAAAA/ 
inpwvOuput | A ote RX oan OOS 
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to.z 
to.z 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


| VA 


l | l 
Nie toez |<>||_ <tOEA toez toez 


High j 
» Valid Data-out impedance 


toLz 


tRA torr 
= ‘High impedance | | 


, tOFF ton tOFF t 
(x Valid Data-out fl | ) { Vat Datxcut | 
toLz toLz 


toLz teiz teLz 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


tcp 





tRAD tasc 


tasR tcaH tasc tcaH tasc 


tRAH 
Mtr KE me _ JAA 


[1] OE = dont care. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


tCRP1 tracp 


a \N 
tra D 
tasR tCAH tRAL 


tRAH tasc tas tons 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tro tac tac ———_ 
—tras— tras RAS 


tcrP1 


RAH: 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tap 
tRPC 


AUN 









High Impedance 


trap 


os f NZ 


a) AANA 


High Impedance 


Input/Output 
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Timing Waveforms (cont) 


Selft-Retresh Cycle Followed by Read/WriteCycle 


1. WE = high and OE, VO; and Adress = don't care 
after four taor cycles. 





Self-Retresh Cycle with RAS Cycling 


—— Voc~ = 
Fag Voc 0.2V 
02V — 
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Timing Waveforms (cont) 


CAS Before RAS Followed by Self-Refresh Cycle 





Last CBR cycle First CBR cycle 





Self-Refresh Set Cycle 
tas tapF ss tRSF tRPF tRSF tRPF 


tras trp (alas 
en see [cael | as: 
0.2V — 


tROF tRCF tRCF 
tcsr 


/K- twHR /- tWHR 


twsr twsr 


CBR Refresh CBR Refresh Self-Refresh 
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Timing Waveforms (cont) 
Self-Retresh Set Cycle 


tase. tRPF tasF ‘APF taPF 
tRCF tacF torp2 


+ f , 'RPc2 
tcHR 
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Self-Refresh 





NEC yuPD481440 
: 262,144 x 16-Bit 


NEC Electronics Inc. | Graphics Memory 


Description 0 CAS before RAS refreshing 


O TTL-compatible inputs and outputs 
The uPD481440 is a fast-page memory with optional , Low neu EaReUEAGS P 


extended data output, organized as 262,144 words by) = g,_ 549 refresh cycles every 8 ms 
16 bits and designed to operate from a single +5-volt 5 40-pin plastic SOU package 
power supply. This graphics memory also incorporates 

powerful functions useful in video sytems, including Pin Configurations 
write-per-bit, flash write, and block write. Advanced 

polycide technology using stacked capacitors mini- 40-Pin Plastic SOJ 

mizes silicon area and provides high storage cell ca- 
pacity, high performance, and high reliability. A single- »PD481440 
transistor dynamic storage cell and CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative- 
voltage substrate bias—automatically and transpar- 
ently. 


The three-state I/O pins are controlled by RAS, CAS, 
and OE. After a valid read, data is latched on the rising 
edge of CAS and remains valid until the next falling 
edge of CAS. Data out will transition to the high- 
impedance state when both RAS and CAS or OE are 
inactive. 





Word writing (I/O, -!/Oy6), upper byte writing (I/Og - 
1/046), and lower byte writing (I/O, - I/Og) are all possi- 
ble using UWE and LWE. If either UWE or LWE goes low 
during an early write cycle, all data outputs remain in 
high impedance. UWE or LWE going low causes a byte 
write cycle, while bringing both UWE and LWE low at 
the same time will result in a word write cycle. UWE and 
LWE cannot be staggered within the same write cycle. 


Refreshing may be accomplished by aCAS before RAS __ Pin Identification 
cycle that internally generates the refresh address. ame Function 
Refreshing may also be accomplished by RAS-only 





refresh cycles or by normal read or write cycles onthe 90-48 alaleacslctald 
512 address combinations of Ap - Ag ening: an 8-ms = CAS Column address strobe 
refresh period. . DSF Special function pin 
VO; -VOw © Data inputs and outputs. 
Features pet et —<—" P 
LWE, UWE Byte write enables 
z a ies # be -bit viohemone OE "= Output enable 
ingle +5-volt power supply — 
0 Fast-page option with extended data output di , ey acetone eyicbe 
O Byte write control with UWE and LWE . GND Ground 
Q Persistent and nonpersistent write-per-bit option, Voc +5-volt power supply 
which provides I/O masking for 16 |/O's NC Ko connection 


Qo 


Block write option with write-per-bit control and 
column mask function 

QO Flash write option with byte masking control 

© Low power dissipation 
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Ordering Information 


RAS Access R/W Cycle Time 
Part Number Time (max) (max) 
uPD481440LE-70 70 ns 130 ns 
LE-80 80 ns 150 ns 


Pin Functions 


Ao - Ag (Address Inputs). These pins are multiplexed 
as row and column address inputs, Each of 16 data bits 
in the random access port corresponds to 262,144 
storage cells, which means that 9-bit row addresses 
and 9-bit column addresses are required to decode one 
cell location. Row addresses are first used to select 
one of the 512 possible rows for a read, write, or refresh 
cycle. 


1/0, -1/04g (Common Data Inputs and Outputs). 
Each of the 16 mask bits can be individually latched at 
the falling edge of RAS in any write cycle and then 
updated at the next falling edge of RAS. In a read cycle, 
these pins serve as outputs for the selected storage 
cells. In a write cycle, data input on these pins is 
latched by the falling edge of CAS, LWE, or UWE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 8192 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers re- 
store all data. The 9 row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, LWE/ UWE, and DSF are simultaneously latched 
to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The 9 column address 
bits are latched at the falling edge of CAS. 


DSF (Special Function Control). At the leading edge 
of RAS and CAS, the high or low level of DSF is latched 
to initiate one of the operations shown in table 1. 


LWE/UWE (Write-Per-Bit or Masked Write Control). At 
the falling edge of RAS, the LWE/UWE and DSF inputs 
must be low and CAS high to enable the write-per-bit 
option. 


Either LWE or UWE must be low to initiate the lower or 
upper byte mask function. If both are low, then a word 
masking operation is performed. 


OE (Output Enable). At the RAS falling edge, CAS and 
LWE/UWE high and OE low initiate a data transfer OE 
high initiates conventional read or write cycles and 
ontrols the output buffer in the random access port. 
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Fast-Page Cycle 


(max) Package 
45 ns 40-pin plastic SOJ 
50 ns 

Addressing 


The storage array is arranged in a 512-row by 512- 
column by 16 I/O matrix whereby each of 16 data bits in 
the random access port corresponds to 262,144 stor- 
age cells, and 18 address bits are required to decode 
one cell location. Nine row address bits are set up on 
pins Ag - Ag and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ag - Ag and 
latched onto the chip by CAS. . 


All addresses must be stable on or before the falling 
edges of RAS and CAS. Whenever RAS is activated, 
8192 cells on the selected row are sensed simulta- 
neously, and the sense amplifiers automatically re- 
store the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet 
all specifications, including minimum cycle time. To 
reduce the number of pins, the following are multi- 
plexed: LWE, UWE, I/O, (n = 1 through 16). 


Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE a and by maintaining LWE/UWE high 
(inactive) while CAS is active. The I/O, pin remains in 
high impedance until valid data appears at the output 
at access time. Device access time tacc will be the 
longest of the following four calculated intervals: | 

e trac 

« RAS to CAS delay (trop) + tcac 

« RAS to column address delay (trap) + taa 


« RAS to OE delay + toga 
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Access times from RAS (trac), from CAS (tcc), from 
the column addresses (taa), and from OE (toga) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. See explanation of 
“Extended Data Output.” 


Write Cycle. A write cycle is executed by bringing 
LWE/UWE lo low during the RAS/CAS cycle. The falling 
edge of CAS or LWE/UWE strobes the data on |/O, into 
the on-chip data latch. To make use of the write-per-bit 
option, LWE/UWE must be low as RAS falls. In this case, 
write data bits can be specified by keeping I/O, high, 
with setup and hold times referenced to the negative 
transition of RAS. 


Write-per-Bit-Cycle. A write-per-bit-cycle uses an 1/O 
masking function to allow the system designer the 
flexibility of writing or not writing any combinations of 
1/0, - 1/01. Two types of masking are possible: (1) new 
mask or the non-persistent mask that requires the user 
to provide the mask data each cycle and (2) old mask or 
the persistent mask. With the persistent mask option, 
an LMR or load mask register cycle is performed and 
the mask data is used during write, block write, ‘and 
flash write cycles. 


Early Write Cycle. An early write cycle is executed by 
bringing LWE/UWE low before CAS falls. Data is 
strobed by CAS, with setup and hold times referenced 
to this signal, and the output remains in high imped- 
ance for the entire cycle. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing LWE/UWE low with the RAS and 
CAS signals low. I/O, shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
I/O, returns to high impedance when OE goes high. The 
data to be written is strobed by LWE/UWE, with setup 
and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of OE, which can be activated just after LWE/UWE falls, 
even when LWE/UWE is brought low after CAS. 
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Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ag - Ag) will refresh all storage cells. Any cycle 
executed in the random access port (i.e., read, write, 
refresh, color register set, flash write, or block write) 
refreshes the 8192 bits selected by the RAS addresses 
or by the on-chip address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
1/0, in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle (CBRN). This cycle 
executes internal refreshing using the on-chip control 
circuitry. Whenever CAS is low as RAS falls, this cir- 
cuitry automatically refreshes the row addresses spec- 


‘ified by the internal counter. In this cycle, the circuit 


operation based on CAS is maintained in a reset state. 
When internal refreshing is complete, the address 
counter automatically increments in preparation for 
the next CAS before RAS cycle. This CBR cycle has no 
effect on the mask mode. 


CAS Before RAS Cycle (CBR). CBR has the same 
function as CBRN except the write-per-bit mask mode 
is changed to new mask mode. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle without disturbing the read data_ output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 
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Glossary of Special Functions 


Table 1 is a truth table for implementing the functions 
described below. z 


‘Load Mask Register Cycle (LMR). In this cycle, data 
on I/O, is written to a 16-bit write mask register, where 
itis retained and used by subsequent masked write 
and masked block write. cycles. 


Masked Write Cycle With New Mask (RWM new 
mask). When the write-per-bit function is enabled as 
- shown below, mask data on the'l/O,, pins is latched by 
RAS and loaded directly into the write mask register. A 
masked write cycle is then executed using CAS or 
LWE/UWE to strobe the I/O, data into the on-chip data 
latch. 


Mask Register Data Action 
q _ Write 
0 ._Do not write 


Masked Write Cycle With Old Mask (RWM old mask). 
This write-per-bit cycle, commonly referred to as a 
persistent mask write cycle, uses the mask data previ- 
ously set by the last load mask register cycle. 


Table 1. «PD481440 Function Truth Table 
—* RAS (Notes 1, 2) 


Mnemonic Code CAS UWE LWE 


RW H H L L 
BW H H H L H 
FW ‘H L L - oH X 
FW H L H ; H 4 
FW .H H : L: H x 
LCR “OH H H H “H 
LMR H H H H L.. & 
RWM pial L L L L 
RWM : H L H Lo L 
RWM H H L L L 
BWM H L L L 

BWM H L H L 

BWM H H L L 

CBR L H H  ., 

CBRN L H H H 

Notes: 


(1) An operation is started by the falling edge of RAS. The level of 
CAS, UWE/LWE, and DSF at this negative transition defines the 
memory operation according to this table. 

(2) The UWE and LWE pins have the OR function. That is if either 
upper or lower write enable goes low, then depending on CAS 
and DSF, a byte-controlled FW, RW, or BW will be performed. The 
inactive write enable has no other function. 


DSF 


x 
: 
” 


Load Color Register Cycle (LCR). This cycle is exe- 
cuted in the same fashion as a conventional read or 
write cycle, with a read or write cycle available to the 
color register under the contro! of LWE/UWE. In read 
operation, color register data is read on the common 
1/O, pins. in write operation, common I/O, data can be 
written into the color register. RAS-only refreshing is 
internally performed on. the row selected by Apo - Ag. 
This setup cycle precedes the first flash write or block 
write cycle supplying the 16 write data bits. 


Block Write Cycle (BW no mask). In a block write 
cycle, Ay and Apo are ignored. 1/0; - 1/O4 are used to 
select one or a combination of four column addresses 
for writing in an early lower-byte write, late lower-byte 
write, page early lower-byte write or page late lower- 
byte write cycle. |/Og - 1/02 are used for column selec- 
tion on the upper-byte write cycles. 


Block write data is previously stored in the color 
register using a set color register cycle. Column select 
data is latched by the |/O, pins at the falling edge of 
CAS or LWE/UWE. Block write cycles are useful for 
clearing windows and for accelerating polygon fill 
operations. . 


Available Function 


Read/write cycle 
Read/block write cycle 


Flash write cycle 
Flash write cycle (upper byte) 
Flash write cycle (lower byte) 


Color register set cycle 
Load old mask register cycle 


Read/masked write cycle 
Read/masked write cycle (upper byte) 
Read/masked write cycle (lower byte) 


Read/masked block write cycle 
Read/masked block write cycle (upper byte) 
Read/masked block write cycle (lower byte) 


CBR refresh with reset to new mask 
CBR refresh with no reset 


(8) X = Don't care. 
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Block Write Cycle (BWM new mask). This cycle allows 
for I/O, - 1/04 masking during a block write cycle. The 
masking function is identical to a standard masked 
write cycle with new mask. The column mask data on 
the I/O, pins is latched by CAS. See table 2. 


Block Write Cycle (BWM old mask). This cycle uses 
the masked data previously set by the last LMR cycle to 
write four consecutive columns. See table 2 for column 
masking description. 


Table 2. Block Write Addresses 


Column Column Address 
Byte Select Ay Ao Write 
Lower VO4 1 1 1 Yes 
(i/Og - VOs are 0 1 No 
Bont Care) VO, 1. 1 0 ‘Yes 
0 a 0 No 
Oo 1- 0 1 Yes 
0 0 1 No 
YO, 1 0 O° Yes 
0 0 ie) No 
Upper VOr. 1 1 1 Yes 
(VWO4g - YO4g 0 1 1 No 
ae YO 1 1 0 Yes 
ie) 1 (8) No 
YVOi9 +1: °° «0 1 Yes 
0 0 1 No 
YOg . 1 0 0 Yes 
0 0 0 No 


Flash Write Cycle (FW) A flash write cycle can clear or 
set each of the sixteen 512-bit data sets on the selected 
one of 512 possible rows according to data stored in 
the previously set color register. Only the byte masking 
function is provided. This cycle is useful in graphics 
processing applications when the screen should be 
cleared or set to some uniform value as quickly as 
possible. 


Fast-Page Mode With Extended Data Output. In oper- 
ation, this mode is the same as standard fast-page 
mode. A faster data rate is possible by keeping the 
same row address while successive column addresses 


are strobed onto the chip. Maintaining RAS low while | 


CAS cycles are executed causes data to be transferred 
at a faster rate because row addresses are maintained 
internally and do not have to be reapplied. During 
fast-page mode, read, write, and read-modify-write 
cycles may be executed. Additionally, the write-per-bit 
control specified in the entry write cycle is maintained 
throughout the succeeding fast-page write cycle. 


pPD481440 


Extended Data Output 


The introduction of the extended data output feature 
causes the output data to remain valid even after CAS 
goes high. This is made possible by the addition of a 
transparent latch to the data amplifier circuit. Ex- 
tended data output eliminates the torr parameter. The 
resulting longer data valid time allows for the speedup 
of the fast-page cycle time. Fast-page mode applica- 
tions that try to run at minimum cycle times find that 
timing skews and propagation delays make the data 
valid time so narrow that reliable sampling is impossi- 
ble. Extended data output is intended to solve this 
problem and permit faster page-mode cycle times. 


In this operation, data pins 1/0, -1/O4g remain in the 
low-impedance state and the valid data appears after 


the device access time. Device access time, tpac (page- 
mode access time), is the longest of these intervals: taa, 


tacp; tcac: 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low VIL -1.0 0.8 V 
Supply voltage Vec 4.5 5.0 5.5 “Vv 
Ambient temperature Ta 0 70 °C 
Absolute Maximum Ratings 

Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tstg —55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance . 
Ta = 25°C; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input Cy 5 pF Addresses 
capacitance 
Cp 7 pF ——- RAS, UWE, LWE, 
OE, DSF 
Input/output Co 7 pF = Oz, - WO4g 
capacitance 
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DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V 410% 





Parameter Symbol Min Typ Max Unit Test Conditions © 
Standby current loce - 2.0 mA RAS = CAS = Viyq (min); lo = OMA 
1.0 mA RAS = CAS = Voc-0.2V; lo = OMA 
Input leakage current I) -10 10 UA Vin= OV to Voc: all other pins not under test = 0V 
Output leakage current oq) -10 10 yA Doyt disabled; Voyp = OVtoVeg 
Output voltage, low VoL 0.4 V lo, = 2.1mA 
Output voltage, high Vou 24 V lon = -2.5 mA 





AC Characteristics 
Ta = 0 to +70°C; Voc = +5.0V +10% 











-70 -80 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Operating current, average loci 170 155 mA RAS, CAS cycling; tac = tro min (Notes 3, 4) 
Operating current, RAS- only loc3 170 155 mA RAS cycling; CAS = Viy min; tao = tro min 
refresh cycle, average (Notes 3, 4) 
Operating current, fast-page loca 170 155 mA RAS < Vi; CAS cycling; tpg = tpo min 
cycle, average (Notes 3, 4) 
Operating current, CAS before locs 170 155 mA RAS cycling; CAS < Vi_ max; tac = tao min 
RAS refresh cycle, average (Notes 3, 4) 
Operating current (register set loce 170 155 ns RAS, CAS cycling; tao = tao min 
mode) : (Notes 3, 4) 
Operating current (flash write loc7 170 155 ns RAS cycling; tac = tro min 
mode) (Notes 3, 4) 
Operating current (block write locs 185 170 ns RAS, CAS cycling; tac = tao min 
mode) (Notes 3, 4) 
Operating current (fast page locg 170 155 ns RAS < Vi; CAS cycling; tpo = tpc min; 
block write mode) (Notes 3, 4) 
Access time from column taa 35 40 ns (Notes 9, 15)- 
address 7 ; 
Access time from CAS tacp 40 45 ns. (Note 9) 
precharge (rising edge} 
Column address setup time tasc O- 0 ns 
Row address setup time , tase 0 O° ns 
Column address to UWE delay tawp 55 65 ns (Note 13) 
time : 
Access time from CAS (falling tonc 20 ~ 20 ns. (Notes 9, 14) 
edge) 
Column address hold time tcaH 15 15 -- ns 
CAS pulse width toas 20 10,000 20 10,000 ns . 
CAS hold time for CAS before tour 15 15 ., ns (Note 15) 


RAS refreshing 





oO 
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AC Characteristics (cont) 








-70 -80 
Parameter Symbol Min Max Min Max Unit Test Conditions 
CAS to output in low-Z toLz ) 0 ns (Note 9) 
Fast-page CAS precharge time top 10 10 ns 
CAS precharge time topn 10 10 ns 
Fast-page CAS precharge to tcpwo 60 70 ns (Note 13) 
UWE delay time 
CAS to RAS precharge time tore 10 10 ns (Note 10) 
CAS hold time tosH 70 80 . ns 
CAS setup time for CAS before tosR 10 10 ns (Note 15) 
RAS refresh cycle 
CAS to UWE delay towp 40 45 ns (Note 13) 
Write command referenced to tow. 15 20 ns 
CAS lead time 
Data-in hold time toH 15 15 ns (Note 12) 
Output hold time from CAS tpHc 5 5 ns 
Data-in setup time tos ie) 0 ns (Note 12) 
DSF setup time from CAS tecs 0 0 ns 
DSF hold timefrom CAS tECH 12 15 ns 
DSF hold time from RAS tERH 10 12 ns 
DSF setup time from RAS teRS ) 0 ns 
Mask write hold time referenced = tucn 0 0 ns 
to CAS precharge 
Mask write setup time tucs ie) 0 ns 
Masked byte hold time tMRH 0 0 ns 
referenced to RAS 
Access time from OE toEA 20 20 ns (Notes 3, 4, 7, 8) 
OE data delay time toeD 15 20 ns 
OE command hold time toEH 0 0 ns 
OE to RAS inactive setup time toes 0 0 ns 
Output turnoff delay from OE toEzZ 0) 15 0 20 ns —_—_ (Note 10) 
Output disable time from CAS tore ie) 15 0 20 ns (Note 17) 
high 
Output disable time from RAS torR 0 15 0 20 ns (Note 17) 
high 
OE to output in low-Z toLz 0) 0 ns 
Fast-page read or write cycle tpc 35 40 ns 
time 
Fast-page read-modify-write tprawe 95 105 ns 
cycle time 
Access time from RAS trac 70 80 ns (Notes 9, 14, 15) 
RAS to column address delay tRaD 15 35 15 40 ns (Note 15) 
time 
Row address hold time tRAH 10 10 ns 
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AC Characteristics (cont) 


-70 -80 
Parameter Symbol Min = Max.. Min Max. Unit—‘Test Conditions 
Column address lead time tRaL 35. 40 ns 
referenced to RAS (rising edge) , 
RAS pulse width tras 70 10,000 80 10,000 ns 
Fast-page RAS pulse width trasp 70 125,000 80 125,000 ns 
Random read or write cycle tro 130 150 ns 
time ; 

RAS to CAS delay time trop 20 50 20 60 ns (Note 14) 
Read command hold time tRCH 0 0 ns _—_ (Note 11) 
referenced to CAS : 

Read command setup time tros 0 0. ns. 

Refresh period trer 8 8 ms Addresses Ag - Ag 
RAS hold time referenced to tRHoP 40 45 ns . 
CAS precharge ; 

RAS precharge time trp 50 60 ns 

RAS precharge CAS hold time trpc | 5 ns 

Read command hold time tRrH oO 0 ns 

referenced to RAS 

Access time from DSF tasa 25 30 ns (Note 9) 
RAS hold time trsi 20 20 ns a 
Read-modify-write cycle time tawe 175 200 ns 

RAS to UWE delay trwo 90 105 ns (Note 13) 
Write command referenced to trwL ~ 20 25 ns 

RAS lead time 

Rise and fall transition time tr 3 50 3 50 ns (Note 8) 
Write-per-bit hold time “tWBH 10 12 ns 

Write-per-bit setup time twas 0 0 ns 

Write command hold time twou 15 15 ns 

Write command setup time twos O- c¢) ns (Note 13) 
Output disable time from WE twez ) 15 ) 20 ns (Note 17) 
low 
Write bit selection hold time twH 10 12 ns 

Write command pulse width twp 15 15 ns (Note 16). 
Write command pulse width twpz 15 15 ns (Note 18) 
Write bit selection set-up time tws ie) 0 ns 
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AC Characteristics (cont) 





Notes: 


(1) 


(2) 
(3) 


(4) 
(5) 
(6) 
() 
(8) 


(9) 
(10) 


(11) 
(12) 


Stresses greater than those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 


All voltages are referenced to GND. 


lect lees: looa » lees: lece locz, loos, and legg depend on 
cycle rate 


loc1 loca: loce: locg, and Iocg depend on output loading. 
Specified values are obtained with outputs open. 

Column Address can be changed once while RAS = Vy and CAS 
= ViH 

An initial pause of 200 ps is required after power-up followed by 
any 8 RAS cycles before proper device operation is achieved. 
Ac measurements assume ty = 5 ns. 


Vir (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vit: 


Measured with a load equivalent to TTL load and 100 pF. 


torr (max) and to¢z (max) define the time at which the outputs 
achieve the open circuit condition and are not referenced to 
output voltage levels. 


Either tacy or tary must be satisfied for a read cycle. 


These parameters are referenced to CAS leading edge in early 
wirte cyles and to LWE/UWE leading edge in late write cycles and 
in read-modify-write cycles. 


(13) 


(14) 


(15) 


(16) 


(17) 


twos, tawo; tewo: tcpwo, and tawp are restrictive operating 
parameters. They are included in the data sheet as electrical 
characteristics only. If twos = twcs (min), the cycle is an early 
write cycle and the data I/O pins will remain open-circuit (high 
impedance) through the entire cycle. If tawp = tawp (min), towp 
= town (min), tawp 2 tawp (min), and tcpwo 2 tcpwp (min), 
the cycle is a read-modify-write cycle and the data out will 
contain data read from the selected cell. If neither set of 
conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 


Operation within the tacp (max) limit insures taac (max) can be 
met. Delay time tacp (max) is specified as a reference point only. 
If tacp is greater than the specified tacp (max) limit, then access 
time is controlled by toac. 


Operation within the trap (max) limit insures that taac (max) 
can be met. Delay time tgap (max) is specified as a reference 
point only. If taap is longer than the specified taap (max) limits, 
then access time is controlled by taa. 


twp is applicable forlate write cycle or read-modify-write cycle. 
In early write cycle, two (min) should be satisfied. 


twez, torc, and torR define the time at which the outputs 
achieve the open circuit condition and output control depen- 
dence on OE becomes invalid. The effective time is “the earlier 
of twez and the later of toro and tof p.” In addition, to make twez 
effective, ty pz must be satisfied. 
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Timing Waveforms 


Read Cycle (With exended output) 
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Timing Waveforms (cont) 


Early-Write Cycle; Word and Word Block 
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Timing Waveforms (cont) 


Early-Write Cycle; Upper-Byte and Upper-Byte Block 
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Timing Waveforms (cont) 


Late-Write Cycle; Word and Word Block 
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Timing Waveforms (cont) 


Late-Write Cycle; Upper-Byte and Upper-Byte Block 
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Timing Waveforms (cont) 


Read-Modify-Write Cycle; Word and Word Block 
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Read-Modify-Write Cycle; Upper-Byte and Upper-Byte Block 
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Timing Waveforms (cont) 


Fast-Page, Early-Write Cycle; Word and Word Block 
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Timing Waveforms (cont) 


Fast-Page, Early-Write Cycle; Upper-Byte and Upper-Byte Block 
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Hor L (input); invalid data (output) 
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Timing Waveforms (cont) 


Fast-Page, Late-Write Cycle; Word and Word Block 
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[7] H or L (input); invalid data (output) 
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Timing Waveforms (cont) 


Fast-Page, Late-Write Cycle; Upper-Byte and Upper-Byte Block 
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Timing Waveforms (cont) 


Fast-Page, Read-Modify-Write Cycle (With exended output); Upper-Byte and Upper-Byte Block 
(Sheet 1 of 2) 


[/<———trrwe Sr | <___—__-t RSH -——___-> 
CP 
-tacp —>|<——_ tcas ——> <—_——— tcags ———> 





trcs 


twBs | ic tcowo —> 


= Kaa 


| tawD ———> 


twp | 
tweBH > 


| 
twes ri kre: we | 


“REM 4 
| 


[7] Hor L (Input); Invalid data (output) 


The waveforms above are repeated on sheet 2 but without the timing parameters. 
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_ Timing Waveforms (cont) 


Fast-Page, Read-Modify-Write Cycle (With exended output); Upper-Byte and Upper-Byte Block 
(Sheet 2 of 2) 
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Timing Waveforms (cont) 


Fast-Page, Read Cycle (With extended output); Word 
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Timing Waveforms (cont) 


Load Old Mask Register Cycle (Early-write) 
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Timing Waveforms (cont) 


Load Old Mask Register Cycle (Read with extended output) 
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Hor L (input); Invalid data (output) 
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Timing Waveforms (cont) 


Load Old Mask Register Cycle (Upper-byte, early-write) 
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Timing Waveforms (cont) 


Load Old Mask Register Cycle (Late-write) 


WMLLLLLLLLLLLLL 


4 
tOEH 





pPD481440 N. E C 


Timing Waveforms (cont) 


Load Old Mask Register Cycle (Upper-byte, late-write) 
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Timing Waveforms (cont) 


Color Register Set Cycle (Read with extended output) 
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Timing Waveforms (cont) 


Color Register Set Cycle (Early-write) 
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Timing Waveforms (cont) 


Color Register Set Cycle (Upper-byte, early-write) 
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Timing Waveforms (cont) 


Color Register Set Cycle (Late-write) 
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Timing Waveforms (cont) 


Color Register Set Cycle (Upper-byte, late-write) 
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Timing Waveforms (cont) 


Flash-Write Cycle 
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Timing Waveforms (cont) 


Flash-Write Cycle (Upper-byte, flash-write) 
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Timing Waveforms (cont) 
Hidden Refresh Cycle (With exended output) 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Fast Static RAMs (64K) 


Features 

12-ns 

12-ns 

12-ns; Output enable 


15-ns; Output enable, 
two chip enables 


Section 19 

Fast Static RAMs (64K) 
uPD Org 

4361B 64K x 14 

4362B 16Kx4 

4363B 16K x 4 

4368 8K x 8 

4369 8K x 9 


15-ns; Output enable, 
two chip enables 


19a 
19b 
19c 
19d 


19e 


NEC 


NEC 


NEC Electronics Inc. 


Description 


The “PD4361B is a 65,536-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD4361B a high- 
speed device that requires very low power and no clock 
or refreshing. 


The device is packaged in a 22-pin plastic DIP and 
24-pin plastic SOJ and has two types of access times, 
address and chip select. 


Features 


QO 65, 586 x 1-bit organization 

QO Single + 5-volt power supply 

QO Fully static operation—no clock or refreshing 

O TTL-compatible inputs and outputs 

QO Separated data input and output 

Q Three-state outputs 

Q Standard 22-pin plastic DIP and 24-pin plastic SOJ 


Ordering Information 


Part Number Access Time (max) Package 
UPD4361BCR-12 12 ns 22-pin plastic DIP 
CR-15 15 ns 
CR-20 20 ns 
uPD4361BLA-12 12 ns 24-pin plastic SOJ 
LA-15 15 ns 
LA-20 20 ns 








uPD4361B 
65,536 x 1-bit 
Static CMOS RAM 


Pin Configurations 


22-Pin Plastic DIP 
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24-Pin Plastic SOJ 


83R0-7540A 


Pin Identification 


Symbol Function 

Ao - A1s Address inputs 

Din Data input 

DouT Data output 

cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
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Absolute Maximum Ratings Recommended Operating Conditions 

Supply voltage, Voc -0.5 to +7.0V Parameter Symbol Min Typ Max Unit 
Input voltage output voltage, Viy (Note 1) -0.5 to Voo + 0.5V Supply voitage Veco 4.5 5.0 5.5 V 
Operating temperature, Topa 0 to + 70°C Input voltage, high Vin 2.2 Voot+ 03 V 
Storage temperature, Tstg - 55 to + 125°C Input voltage, low Vit -0.5 0.8 V 
Power dissipation, Pp 1.0W Operating temperature Ta 0 70 °C 





Exposure to Absolute Maximum Ratings for extended periods may Notes: 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


(1) Vy. = -3.0V minimum for 10 ns maximum pulse. 


Notwa: Capacitance 

Ta = 25°C; f = 1 MHz; Vin and Vout = 0 V (Note 1) 
(1) Vin = -3.0V minimum for 10 ns maximum pulse. Parameter ~=~=~s<Symbol=sMin.~—s Typ ~—=S<sMax ‘Unit 
Truth Table Input capacitance Cin 6 pF 
Function cs WE Input/Output lec Output capacitance Cpout 8 pF 
Not selected H X High-Z Standby Notes: 
Read L H Dout Active (1) This parameter is sampled and not 100% tested. 
Write L L High-Z Active 


Block Diagram 


Memory Cell 
Address Row Array 
Buffer Decoder 256 Rows 
x 256 Columns 


Sense Switch 
Input 


anes Column Control 


Control! Decoder 


Address Buffer 


Ag As Ag A7 Ag Ag Ayo Any 





831H-6251B 


NEC 


uUPD4361B 





DC Characteristics 


Ta = 0 to + 70°C; Veo = +5.0V +10% 



































Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current lt -2 2 HA Vin = OV to Voc 
Output leakage current lo -2 2 LA Vout = 0V to Voc; CS = Vin 
Standby supply current Isp 20 mA CS = Vin 

Isp 2 mA CS 2 Voc -0.2V; Vij S$ 0.2V or = Vog-0.2V 
Output voltage, low VoL 0.4 V lo, = 8.0mA 
Output voltage, high Vou 2.4 V lon = —4.0 mA 
AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +10% 

pPD4361B-12 pPD4361B-15 p#PD4361B-20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 
Operating supply current loc 130 120 110 mA CS= Vi; lpouT = OmA 
Read cycle time tre 12 15 20 ns (Note 2) 
Address access time tan 12 15 20 ns 
Chip select access time tacs 12 15 20 ns 
Output hold from address change — toy 2 3 3 ns 
Chip select to output in low-Z tiz 2 3 3 ns (Note 3) 
Chip deselect to output in high-Z tyz 0 7 ie) 7 0 8 ns (Note 4) 
Chip select to power-up time tpu 0 0 0 ns 
Chip deselect to power-down time —tpp 0 7 ie) 8 0 15 ns 
Write Operation 
Write cycle time twe 12 15 20 ns (Note 2) 
Chip select to end of write tow 11 13 15 ns 
Address valid to end of write taw 11 13 15 ns 
Address setup time tas 0 ie} 0 ns 
Write pulse width twp 10 12 14 ns 
Write recovery time twr 0 i?) 0 ns 
Data valid to end of write tow 7 7 8 ns 
Data hold time tpH i¢) (¢) 0 ns 
Write enable to output in high-Z twz 0 7 0 7 0 8 ns (Note 4) 
Output active from end of write tow 0 0) 0 ns (Note 3) 


Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 
= 5 ns; timing reference levels = 1.5 V; see figures 1 and 2 for 


output load. 


(2) All read cycle timings are referenced from the last valid address to 


the first transitioning address. 


(8) Transition is measured at +200 mV from steady-state voltage 
with the loading shown in figure 2. 


(4) Transition is measured at Vo, + 200 mV and Voy—- 200 mV with 


the loading shown in figure 2. 


Oo 


pPD4361B N: i Cc 





Figure 1. Output Load 


“Including Scope and Jig 
831H-5773B 





Figure 2. Output Load for ty7, t.z, twz, and tow 


“including Scope and Jig 





831H-5774B 
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Timing Waveforms 


Address Access Cycle 


Address Address Valid 


O ; YVAA/ 
roveus Daa Val COON: 1.0.0.0, 
Notes: 


[1] WE is held high for a read cycle. 
{2] The device is continually selected, where CS = Vj. 
831H-5775B | 9 a 


Chip Select Access Cycle 





sprees —_ORXIXEK mY) 


alid 
feces a NS 


Vcc 
Supply 
Current 
Notes: 
{1] WE is held high for a read cycle. 
{2} Address is valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


me WL, 
s INN: 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 
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NEC 


NEC Electronics Inc. 


pPD4362B 
16,384 x 4-Bit 
Static CMOS RAM 





Description 


The uPD4362B is a 16,384-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design using CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the uPD4362B a high-speed device that requires 
very low power and no clock or refreshing. 


The pPD4362B is packaged in a standard 22-pin plastic 
DIP and 24-pin plastic SOu. 


Features 


0 Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/O capability 

Standard 300-mil, 22-pin plastic DIP and 24-pin 
plastic SOJ packaging 


og 


oo 


Ordering Information 


Part Number Access Time (max) Package 


uPD4362BCR-12 i2ns 22-pin plastic DIP 
CR-15 15ns - 
CR-20 20 ns 

uUPD4362BLA-12 12 ns 24-pin plastic SOJ 
LA-15 15 ns 
LA-20 20 ns 


60139 


Pin Configuration 


22-Pin Plastic DIP 





83YL-7440A 





Pin Identification 


Symbol! Function 

Ag - Aig Address inputs 

04 - YO4 Data inputs and outputs 
¢s Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


uPD4362B 





Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input and output voltages, Vin (Note 1) -0.5 to Voc + 0.5 V 
Operating temperature, Topr 0 to + 70°C 
Storage temperature, Tsta —55 to + 125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 
(1) Vin = -3.0 V for 10 ns pulse. 


Truth Table 


Function CE WE Input/Output lec 
Not selected H X High-Z Standby 
Read L Dout Active 
Write L L Din Active 
Notes: 


(1) X = don't care. 


Block Diagram 


Address 
Buffer 


NEC 


Ta = 25°C; f = 1 MHz (Note 1); Vin and Vpout = OV 
Symbot Min Typ Max Unit 
Input capacitance Cin 6 pF 


Parameter 


Output capacitance Cpyout 8 pF 
Notes: 


(1) This parameter is sampled and not 100% tested. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input voltage, high Vin 2.2 Vecot+t 03 V 
Input voltage, low VIL -0.5 0.8 V 
Operating temperature Ta oO 70 °C 
Notes: 


(1) Vip = -3.0 V for 10 ns pulse. 


Memory Cell Array 
256 Rows 


64 x 4 Columns 


Sense/Switch 


Column Decoder 


Address 
Buffer 


Ag Aq Ag Ag Az Ag 
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DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current My -2 2 HA Vin = OV to Voc: Voc = max 
Output leakage current lLo -2 2 LA Vout = OV to Voc; CS = Vin; Voc = max 
Standby supply current Isp 20 mA CS = Vin 

Isp1 2 mA CS = Voc 0.2 Vi Vin S 0.2 V or = Voog-0.2V 
Output voltage, low VoL 0.4 Vv lo. = 8.0 mA 
Output voltage, high Vou 2.4 V lon = —4.0 mA 





AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V +10% 





wPD4362B-12 wPD4362B-15 —4PD4362B-20 





Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current loc 130 120 110 mA CS=Vi;lbpouT=OmA Be 

Read cycle time tro 12 15 20 ns _—_ (Note 2) 

Address access time tan 12 15 20 ns 

Chip selection access time tacs 12 15 20 ns 

Output hold from address change tou 2 3 3 ns 

Chip selection to output to low-Z tiz 2 3 3 ns (Note 3) 

Chip deselection to output to high-Z tyz 0 7 0 7 0 8 ns (Note 4) 

Chip selection to power-up time tpy 0 0 0 ns 

Chip deselection to power-down time —_tpp 0 7 0 15 0 20 ns 

Write Operation 

Write cycle time two 12 15 20 ns _— (Note 2) 

Chip selection to end of write tow 11 13 15 ns 

Address valid to end of write taw 11 13 15 ns 

Address setup time tas ce) 0 0 ns 

Write pulse width twp 10 12 14 ns 

Write recovery time twR 0 0 0 ns 

Data valid to end of write tow 7 7 8 ns 

Data hold time toH (¢) 0 0 ns 

Write enable to output in high-Z twz 0 7 0 7 0 8 ns (Note 4) 

Output active from end of write tow 0 0 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and falltimes (8) Transition is measured at +200 mV from steady-state voltage 
= 5ns; timing reference levels = 1.5V; see figures 1 and 2 for with the loading shown in figure 2. 
output load, (4) Transition is measured at Vo, + 200 mV and Voy — 200 mV with 

(2) Allread cycle timings are referenced from the last valid address to the loading shown in figure 2. 


the first transitioning address. 


ie) 





pPD4362B 





Figure 1. Output Load 


“including Scope and Jig 





Figure 2. Output Load for tyz, tiz, twz, and tow 





“including Scope and Jig 


NV. KE Cc uPD4362B 


Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid 


Notes: 
[1] WE is held high for a read cycle. 
{2] The device Is continually selected, where CS = Vj,. 








High Impedance 





Impedance 










Vcc 
Supply 
Current 










Notes: 
[1] WE is held high for a read cycle. 
{2} Address is valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


WE 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 
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NEC 


NEC Electronics Inc. 


Description 


The uPD4363B is a 16,384-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design using CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the uPD4363B a high-speed device that requires 
very low power and no clock or refreshing. 


The pPD4363B is packaged in a standard 300-mil, 
24-pin plastic DIP and 24-pin plastic SOV. 


Features 


Q Single + 5-volt power supply 

Fully static operation—no clock or refreshing 

TTL-compatible inputs and outputs 

Common 1/0 capability 

OE eliminates the need for external bus buffers 

Three-state outputs 

Low power dissipation 

— 130 mA max (active) 

— 2 mA max (standby) 

QO Standard 300-mil, 24-pin plastic DIP and 24-pin 
plastic SOJ packaging 


oo0gc0adud6d6a 


Ordering Information 


Part Number Access Time (max) Package 
uUPD4363BCR-12 12 ns 24-pin plastic DIP 
CR-15 15 ns 
CR-20  20ns 
uUPD4363BLA-12 12 ns 24-pin plastic SOJ 
LA-15 15 ns 
LA-20 20 ns 
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pPD4363B 
16,384 x 4-Bit 
Static CMOS RAM 


Pin Configuration 


24-Pin Plastic DIP or SOJ 





Pin Identification 


Symbo! Function 

Ao - Aig Address inputs 

04 - YOu Data inputs and outputs 
cs Chip select 

OE Output enable 

We Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


uPD4363B 


NEC 





Absolute Maximum Ratings 


Supply voltage, Voco -0.5 to +7.0V 
Input and output voltages, Vin (Note 1) -0.5 to Veg + 0.5V 
Operating temperature, Topp 0 to + 70°C 
Storage temperature, Tstq — 55 to + 125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 


(1) Vin (min) = -3.0 V for 10 ns pulse. 


Capacitance 
Ta = 25°C; f = 1 MHz; Viy and Vout = 0 V (Note 1) 


Symbol Min Typ Max Unit 
Input capacitance Cin 6 pF 


Parameter 


Output capacitance CpouT 8 pF 
Notes: 


(1) This parameter is sampled and not 100% tested. 


Block Diagram 





Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.2 Vecot+ 03 V 
Input voltage, low Vit ~0.5 08 Vv 
Operating temperature Ta 0 70 °C 
Notes: 

2) Vit = -3.0 V for 10 ns pulse. 

Truth Table 

Function CS WE OE Input/Output loc 
Not selected H X x High-Z Standby 
Read L H L . Dout Active 
DoutT disabled L H H High-Z Active 
Write L L X Din Active 





Memory Cell Array 
256 Rows 
64 x 4 Columns 


| Sense/Switch 


Column Decoder 


Address 
Buffer 


Ag Aq As Ag A7 Ag 


NEC 


pPD4363B 





DC Characteristics 


Ta = Oto +70°C; Veg = +5.0V +10% 


























Parameter Symbol Max Unit Test Conditions 
Input leakage current Ihy uA Vin = OV to Voci Veco = max 
Output leakage current lLo 2 uA VouT = OV to Voc; CS or OE = Vin; Voc = max 
Standby supply current isp mA CS = Vin 

Isp4 2 mA CS = Voo- 0.2V; Vin S$ 0.2V or = Vog- 0.2V 
Output voltage, low VoL 0.4 V lot = 8.0 mA 
Output voltage, high Vou V lon = —4.0 mA 
AC Characteristics 
Ta = Oto + 70°C; Voc = +5.0V £10% 

#PD4363B-12 »PD4363B-15 uPD4363B-20 

Parameter Symbol Min Min Max Min Max Unit Test Conditions 
Read Operation 
Operating supply current loc 120 110 mA CS = Viti Ipour = OmA 
Read cycle time trac 12 15 20 ns (Note 2) 
Address access time taa 15 20 ns 
Chip select access time tacs 15 20 ns 
Output hold from address change tou 2 ns 
Chip select to output in low-Z tLz 2 ns _— (Note 3) 
Chip deselect to output in high-Z tyz 0 7 0 8 ns (Note 4) 
Output enable access time toe 9 10 ns 
Output enable to output in low-Z toLz 0 0 0 ns (Note 3) 
Output disable to output in high-Z ss toyz 0 0 7 0 8 ns (Note 4) 
Chip select to power-up time tpy 0 0 0 ns 
Chip deselect to power-down time — tpp 0 0 10 0 12 ns 
Write Operation 
Write cycle time two 12 15 20 ns (Note 2) 
Chip select to end of write tow 11 13 15 ns 
Address valid to end of write taw 11 13 15 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 10 12 14 ns 
Write recovery time twr 1 1 1 ns 
Data valid to end of write tow 7 7 8 ns 
Data hold time ton 0 0 0 ns 
Write enable to output in high-Z twz (¢) 0 7 0 8 ns (Note 4) 
Output active from end of write tow 0 0 0 ns (Note 3) 





Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 
= §ns; timing reference levels = 1.5V; see figures 1 and 2 for 


output load. 


(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 


(3) Transition is measured at +200 mV from steady-state voltage 
with the loading shown in figure 2. 


(4) Transition is measured at Vo, + 200 mV and Voy, — 200 mV with 


the loading shown in figure 2. 


ie] 


pPD4363B NW. EC 


Figure1. Output Load 





*Including Scope and Jig 





Figure 2. Output Load for tyz, t.z, tonz, to.z, twz, and tow 





“Including Scope and Jig 
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Timing Waveforms (cont) 





Address Access Cycle 


Address 


Previous Data Valid Data Valid 


Notes: 

[1] WE is held high for a read cycle. 

[2] The device is continually selected, where CS = OE = Vy. 
a3ii-62608 





Chip Select Access Cycle 


High Impedance OOK Impedance 


tHZ 
ta Valid 


Voc 
Supply 
Current 


Notes: 
[1] WE Is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 


[3] OE = Vj. 
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Timing Waveforms (cont) 


OE-Controlled Access Cycle 


tac 


Address . Address Valid 


High Impedance 


[1] WE Is held high for a read cycle. 
[2} The device is continually selected, where CS = Vj. 





WE-Controlled Write Cycle 


Address 


vost XA Fnac 


tDH 


Data-in Valid 


| —twz J+ —tow 


Notes: 
[1] CS or WE must be high during address transition. 
[2] If OE is high, the /O pins remain in high impedance. 


[3] During this period, the VO pins may be active (OE tow). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address 


= (UM MTL. 





tow tDH 


Data-in Valid 


+ —§<twz 


Notes: 

[1] CS or WE must be high during address transition. 

[2] If OE is high, the VO pins remain in high impedance. 

[3] During this period, the VO pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 








pPD4363B 
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NEC Electronics Inc. 


Description 


The pPD4368 is a high-speed 8,192-word by 8-bit static 
RAM designed with CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors. Two 
chip enable pins are provided for battery backup appli- 
cation, and an output enable pin is provided for easy 
interface. 


The pPD4368 is packaged in 28-pin plastic DIP and 
28-pin plastic SOU packaging. 


Features 


8,192 by 8-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

One OE and two CE pins for easy application 
Standard 28-pin plastic DIP, 28-pin plastic SOJ 
packaging 


oo0unvmcomo 8 


Ordering Information 


Part Number Access Time (max) Package 

UPD4368CR-15 15 ns 28-pin plastic DIP 
CR-20 20 ns 

uUPD4368LA-15 15 ns 28-pin plastic SOJ 
LA-20 20 ns 
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uPD4368 
8,192 x 8-Bit 
Static CMOS RAM 


Pin Configuration 


28-Pin Plastic DIP or SOJ 





Pin Identification 





Symbol Function 

Ao - Ajo Address inputs 

VO, - /Og Data inputs/outputs 
CE, Chip enable (active low) 
CEp Chip enable (active high) 
OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


pPD4368 | E 


Block Diagram 





Memory Cell 
Array 
256 Rows 
32 x 8 Columns 





NEC 











uPD4368 
Absolute Maximum Ratings Truth Table 
Supply voltage, Veg (Note 1) -0.5 to +7.0V Function CE, CE, OF WE VO loc 
input voltage, Vin (Note 1) -0.5VtoVoco + 03V Not selected H X X X High-Z Standby 
Output voltage, Voyz (Note 1) -O5VtoVeg + 03V. Not selected X L X X High-Z Standby 
Operating temperature, Topp 0 to +70°C Dour disabled L H H H High-Z Active 
Storage temperature, Totg ~ 55 to + 125°C Read L H L H Dout Active 
Power dissipation, Pp 1.0W Write L H X L Din Active 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 


(1) -3.0V min for 10 ns maximum pulse. 


Capacitance 

Ta = 25°C; f = 1 MHz; Vin and Voyt = OV 

Parameter Symbol Min Typ Max _ Unit 
Input capacitance Cin 6 pF 
Input/output capacitance  Cyo 8 pF 


DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V +10% 





Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input voltage, high = Vix 2.2 Voc + 038 V 
Input voltage, low Vit -0.5 0.8 V 
Operating Ta 0 70 °C 
temperature 

Notes: 





(1) Viz = -3.0V min for 10 ns maximum pulse. 








Parameter Symbol! Min Typ Max Unit Test Conditions 
Input leakage current tu ~2 HA Vin = OV to Voce 
Output leakage current lLo ~2 UA Vyo_= OV to Veo; CE, = Vin or CEo = Vip 
or OE = Viy or WE = Vi 
Operating supply current loc 120 mA CE; = Viz; CE = Vin; lyo = 0 mA (min cycle) 
Standby supply current Isp 20 mA CE, = Vin or CEo = Vit 
IsBi 2 mA CE; = Voc - 0.2 V; CEp = Veg -0.2V 
Output voltage, low VoL 0.4 Vv lo. = 8mA 
Output voltage, high Vou 2.4 V lon = -4.0 mA 


io) 


pPD4368 | NEC 


Ta'= 0 to +70°C; Veg = +5.0V 10% 


















































e one pec oF  pPD4368-1 #PD4368-20 . 

; Parameter ince cae . Symbol ~ Min Max Min Max ~~ Unit Test Conditions 

Read Operation | . ~~ S i 

Read cycletime = tro 15 “20 ns 

Address accesstime _ tan 15 20 ns 

CE, access time 2 tco1 15 . 20 ns 

CEp access time s a _. teo2 15 20 ns 

Output enable to output valid = — tog fiels tet 9 10 As’ = 

Output hold from address change — tou “3 3 : ns 

CE, to output in low-Z tz1 3 3 ns 

CEp to output in low-Z t Lz2 3 3 ns 

OE to output in low-Z toLz 0 0 ns 

CE, to output in high-Z tyz14 8 9 ns 

CEp to output in high-Z tuze 8. 9 _ ns 
~~ OE to output in high-Z —. tonz. aa 7 8 ns 

Write Operation oe 

Write cycle time twe 15 20 ns 

Chip enable (CE,) to end of write tow 12 13 ns 

Chip enable (CE,) to end of write towo" © 12: 13 ~ ns 

Address valid to'end of write - taw S AQr 13 i ns 

Address setup time : tas. -0 - 0 ns» 

Write pulse width twp 11 12 ns 

Write recovery time — : twa . a ae . 2 ns 

Data valid to end of write. | tow . 9 10 ns 

Data hold time | « * tou o 0 ns 

Write enable to output in high-Z - . twuz 7 8 ns 

Output active from end of write: ~ tow . 0 0 ns 

Notes: 

(1) Input pulse levels = 0.8 to 2.4 V; input pulse rise and fall times = 

5 ns; timing reference level = 1.5 V; see figures 1 and 2 for output 
load. 
Figure 1. Output Load Figure 2. Output Load (tyz1, tyz2, touz, twuz, 
(tac. taa: tco1; tcoz: toe, ton) tt 21, t.z2, torz. tow) 
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Timing Waveforms 





Address Access Cycle 


Address 


Previous Data Valid ‘ Data Valid 


Notes: 
(1) WE is high for a read cycle. 
(2) The device is continually selected, where CE = OE = Vy and CEp = Vy. 





Chip Enable Access Cycle 


sane ee 577 
t/// 


Notes: 
[1] WE is high for a read cycle. 


[2] Address valid prior to or coincident with the latter of the low transition of CE1 


or the high transition of CE. 
831H-5745B 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


Address 





i acme 
LAP WY 


twR 


to 
tow H 


Data-in Valid 
ete ee Lee 


High impedance 
Data Undefined 2 see 


Notes: 
[1] A write cycle occurs during the overlap of a low CE; and WE anda high CEo. 


(2} CE1 or WE must be high or CE2 must be low during address transition. 
[3] If OE is high, the VO pins remain in high impedance. 
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Timing Waveforms (cont) 


CE;-Controlled Write Cycle 


AS 


uPD4368 


NU 
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Timing Waveforms (cont) 


CE2-Controlled Write Cycle 


Address 


tas 


er 
P tw 
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NEC Electronics Inc. 


Description 


The uPD4369 is a high-speed 8,192-word by 9-bit static 
RAM fabricated with CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors. Two 
chip enable pins are provided for battery backup appli- 
cation, and an output enable pin is provided for easy 
interface. 


The pPD4369 is packaged in standard 28-pin plastic 
DIP and 28-pin plastic SOJ packaging. 


Features 


8,192 by 9-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/O using three-state outputs 

One OE and two CE pins for easy application 
Standard 28-pin plastic DIP and 28-pin plastic SOJ 
packaging 


bDooononodo 


Ordering Information 


Part Number Access Time (max) Package 

UPD4369CR-15 15 ns 28-pin plastic DIP 
CR-20 20 ns 

UPD4369LA-15 15 ns 28-pin plastic SOJ 
LA-20 20 ns 
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uPD4369 
8,192 x 9-Bit 
Static CMOS RAM 


Pin Configuration 


28-Pin Plastic DIP or SOJ 





Pin Identification 


Symbol Function 

Ao - Ayo Address inputs 

YO, - WOg Data inputs/outputs 
CE, Chip enable (active low) 
CE5 Chip enable (active high) 
OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


uPD4369. 


Block Diagram 


Memory Celt 
Array 
256 Rows 
32 x 8: Columns 


} Sensors | 


NEC 





NEC 


Absolute Maximum Ratings 
Supply voltage, Voc (Note 1) 

Input voltage, Vij, (Note 1) 

Output voltage, Voyt (Note 1) 
Operating temperature, Topr 

Storage temperature, Tsta 


Power dissipation, Pp 


Exposure to Absolute Maximum Ratings for extended periods may 


-0.5to +7.0V 


-05V to Voo + 03V 
-0.5 V to Voc + 0.3V 


Oto +70°C 
- 55 to +125°C 


1.0W 


affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


specified under DC and AC Characteristics. 


Notes: 


(1) -3.0 V min for 10 ns maximum pulse. 


Capacitance 

Ta = 25°C; f = 1 MHZ; Vin and Vout = OV 
Parameter Symbol Min 
Input capacitance Cin 
Input/output capacitance Cyo 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V 10% 


Parameter Symbol 
Input leakage current Ihy 
Output leakage current lo 
Operating supply current loca 
Standby supply current Isp 
IsBt 
Output voltage, low VoL 
Output voltage, high Vou 


Typ Max 
6 
8 
Min Typ 
~2 
-2 
2.4 


Unit 
pF 
pF 


uPD4369 
Truth Table 

Function CE; CE, OE WE 1/0 loc 
Not selected H xX X X High-Z Standby 
Not selected X L X xX High-Z Standby 
Dout disabled L H H H High-Z Active 
Read L H L H DouT Active 
Write L H X L Din Active 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 

Supply voltage Voc 4.5 5.0 5.5 V 

Input voltage, high Vin 2.2 Voot+ 03 V 

Input voltage, low Vit -0.5 0.8 V 

Operating temperature Ta .¢) 70 °C 


Notes: 


(1) Vit = -3.0V min for 10 ns maximum pulse. 





Max Unit Test Conditions 

2 HA Vin = OV to Voc 

2 yA Wyo = OV to Voc; CEy = Vy or CEo = Vit 

or OE = Viy or WE = Vy 

120 mA CE, = Vit; CEo = Vin lyo = O mA (min cycle) 
20 mA CE, = Vin or CEo = Vit 

2 mA CE; = Voc — 0.2V; CEp = Vog -0.2V 

0.4 V lo = 8mA 

V lon = -4.0mA 





pPD4369 NEC 


AC Characteristics 
Ta = 0 to +70°C; Voc = +5.0V +10% 











uPD4369-15 pPD4369-20 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Operation 
Read cycle time tro 15 20 ns 
Address access time tAA 15 20 ns 
CE, access time tco1 15 20 ns 
CEp access time tco2 15 20 ns 
Output enable to output valid tog 9 10 ns 
Output hold from address change tou 3 3 ns 
CE, to output in low-Z tiz1 3 3 ns 
CEp to output in low-Z tLze 3 3 ns 
OE to output in low-Z toLz 0 fe) ns 
CE, to output in high-Z tyz4 8 9 ns . 
CE to output in high-Z tuze 8 9 ns 
OE to output in high-Z tonz 7 8 ns 
Write Operation 
Write cycle time two 15 20 ns 
Chip enable (CE}) to end of write tow1 12 13 ns 
Chip enable (CE9) to end of write towe 12 13 ns 
Address valid to end of write taw 12 13 ns 
Address setup time tas 0 0 ns 
Write pulse width twp 11 12. ns 
Write recovery time twr 2 2 ns 
Data valid to end of write tow 9 10 ns 
Data hold time toy 0 0 ns 
Write enable to output in high-Z twHz 7 8 ns 
Output active from end of write tow 0 0 ns 
Notes: 
(1) Input pulse levels = 0.8 to 2.4 V; input pulse rise and falltimes = _ 
5 ns; see figures 1 and 2 for output load circuit. 
Figure 1. Output Load Figure 2. Output Load (tyz1, tyzz2, tonz, twuz, tiz1, 


(tro, taa: tco1 tcoz2, toe, ton) t,z2, to.z, tow) 





NEC yPDasce 


Timing Waveforms 


Address Access Cycle 








Address Valid 














Data Valid 





Previous Data Valid 








Notes: 
(1) WE Is high for a read cycle. ‘ 
(2) The device Is continually selected, where CE; = OE = Vj, and CEo = Vip. 






Chip Enable Access Cycle 





High Impedance 





Notes: 
[1] WE Is high for a read cycle. 
[2] Address valid prior to or coincident with the latter of the low transition of CE4 


or the high transition of CEo2. 
831H-5745B 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


=. TY TLL. 


| 
LLLP TOA 


tas twa 


tou 


tow 


eee = 


High Im nce 
Data Undefined gh pens 


Notes: 

[1] A write cycle occurs during the overlap of alow CEyand WEand a high CEo. 
[2] CE1 or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the VO pins remain in high impedance. 
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Timing Waveforms (cont) 


CE; -Controlled Write Cycle 


ee 


ANS 





yuPD4369 


NA 


TLL 
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Timing Waveforms (cont) 


CE2-Controlled Write Cycle 


Address 


a \\\\\\\\\\\\\\y | : LT. 


SaeeSeereearer 7: . : 





tow 
’ Data-in Valid 
High Impedance 
DOUT 
Notes: 
[1] A wiite cycle occu Ing the jap E4,and WE and a hig 
[2] CE1 or WE m ig address transition.. 
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i 


Fast Static RAMs 





Appl 











Fast Static RAMs (256K) 


Section 20 
Fast Static RAMs (256K) 


pPD 

43251B 
43253B 
43254B 
43258A 
43259A 


Organization 
256K x 1 

64K x 4 

64K x 4 

32K x 8 

32K x 9 


Upcoming Products 
Description 


32K x 8 
82K x 9 


Features 

15-ns 

15-ns; Output enable 
15-ns 

15-ns; Output enable 
15-ns; Output enable 


Device Number 
uPD46258 
éPD46259 


20a 
20b 


20e 


Comments 
Speeds to 6 ns; 3.3- and 5-V versions 
Speeds to 6 ns; 3.3- and 5-V versions 


NEC 


NEC 


NEC Electronics Inc. 


Description 


The uPD43251B is a 262,144-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design that uses CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the uPD43251B a high-speed device that re- 
quires no clock or refreshing. 


The yPD43251B is available in 24-pin plastic DIP or 
24-pin plastic SOJ packaging. 


Features 


262,144-word x 1-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 
Separated data input and output 

Three-state outputs 

Power dissipation 

— 120 mA max (active) 

— 2 mA max (standby) 

QO Standard 300-mil, 24-pin plastic DIP or 24-pin 
plastic SOJ packaging 


ooncaoadka 


Ordering Information 





Access 
Part Number Time (max) Package 
uPD43251BCR-15 15 ns 24-pin plastic DIP 
CR-20 20 ns 
CR-25 25 ns 
UPD43251BLA-15 15 ns 24-pin plastic SOJ 
LA-20 20 ns 
LA-25 25 ns 


60144 


puPD43251B 
262,144 x 1-Bit 
Static CMOS RAM 


Pin Configuration 


24-Pin Plastic DIP or SOJ 





Pin identification 


Symbol 
Ao - A17 
Din 
DouT 
¢s 

WE 
GND 
Voc 


Function 





Address inputs 
Data input 
Data output 
Chip select 
Write enable 
Ground 


+5-volt power supply 





Absolute Maximum Ratings 
Power supply voltage, Voc 

Input voltage, Viy (Note 1) .70.5 to +Vocg +.0.3 

0.5 to +Vocg + 0.3 

0 to + 70°C 

-55 to + 125°C 


Output voltage, Voyt 
Operating temperature, Topr 
Storage temperature, Tete. 
Exposure to Absolute Maximum Ratings for extended periods may 
.affect device reliability; exceeding the ratings could cause perma- 


nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 


(1) Vin = -3.0V min for 10 ns maximum pulse. 


‘Truth Table 





Function cs WE Dour lec 
Not selected H _X High-Z Standby 
Read L H Output data Active 
Write L L High-Z Active 

’ Block Diagram 


Aig © 

A417 
Ao 
Ay 
Ag 
Ag . 
A4 
As 










Address 3 
‘Buffer 


DIN 


-0.5 to +7.0V_ 


Memory Cell Array 
256 
1024 Columns 


Sense Switch 


Column 
Decoder 


AgeeAg Aygo eee Ais 


NEC 


Ta = +25°C; f = 1 MHz (Note 1); Viy and Voyy = OV 











Parameter Symbol Min Typ Max Unit 
Input capacitance C, 6 pF 
Output capacitance Co 8 _ pF 
Notes: 


(1) This parameter is sampled and not 100% tested. 


Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Supply voltage Veo - 485 5.0 5.5 V 
Input voltage, low Vit -0.5 0.8 Vv 
(Note 1) 
Input voltage, high Vin. 2.2 Veo + 0.3 =V 
Ambient temperature Tay 0 70 °C 





Notes: 


(1) Vi. = -—3.0V min for 10 ns maximum pulse. 













<—_— Voc 


<—————- GND 





Rows 





DOUT 


Address 
Buffer 


831H-5772B 


NEC 


DC Characteristics 
Ta = Oto +70°C; Veg = +5.0V £10% 


Parameter Symbol 
Input leakage current Iu 
Output leakage current lo 
Standby supply current Isp 
IsBi 
Output voltage, low VoL 
Output voltage, high Vou 


AC Characteristics 
Ta = Oto +70°C; Veg = +5.0V £10% 


Parameter Symbol 
Read Operation 

Operating supply current loc 
Read cycle time trac 
Read access time taa 
Chip select access time tacs 


Output hold from address change toy 
Chip select to output in low-Z toLz 
Chip deselect to output in high-Z toyz 


Write Operation 


Write cycle time twe 
Chip select to end of write tow 
Address valid to end of write taw 
Address setup time tas 

Write pulse width twp 
Write recovery time twr 
Data valid to end of write tow 
Data hold time toy 


Write enable to output in high-Z — twyz 


Output active from end of write tow 





Notes: 


Min Typ 
xe 
32 


2.4 


Min Max 
120 

15 
15 
15 
6 

15 

13 

13 

(9) 

12 

0 

10 

0 6 


20 


15 
15 


14 


12 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time = 


5 ns; timing reference levels = 1.5 V; see figures 1 and 2 for the 


output load. 


(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 


(3) The transition is measured +200 mV from steady-state voltage 


with the loading shown in figure 2. 


(4) The transition is measured at Voy + 200 mV and Voy — 200 mV 


with the loading shown in figure 2. 


Max 


yn|B8in{rn 


Max 


100 


20 
20 


Unit 
HA 
HA 
mA 
mA 


Min 


25 


25 
20 
20 


18 


14 


pPD43251B 


Test Conditions 
OVtoVoec 
Vout = OV to Veco; CS = Vin 


Vin = 


CS = 
CS = 
loL = 
lou = 


pPD43251B-15 p~PD43251B-20 pPD43251B-25 
Min 


Max 


100 


25 
25 


10 


10 


Vini Vin = Vin or Vit 


Voc 0.2 V; Vin <= 0.2 V or = Voc -0.2V 


8.0 mA 
-~4.0 mA 


Unit 


mA 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Test Conditions (Note 1) 


CS = Vi (min cycle); lout = OmA 
(Note 2) 


(Note 3) 
(Note 4) 


(Note 2) 


(Note 4) 
(Note 3) 


pPD43251B N’ KE C 





Figure 1. Output Load 


*including Scope and Jig es 
831H-577. 





Figure 2. Output Load for tcnz, tc.z tow, and twuz 


“Including Scope and Jig 
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Timing Waveforms 





Address Access Cycle 


Address 


0 ) YYVVY 
Previous Data Valid XXX XK KY XX) 


Notes: 
{1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = Vy. 





Chip Select Access Cycle 





impedance \/ Y 
sere Kae) 


Notes: 
{1] WE is held high for a read cycle. 


(2] Address valid prior to or coincident with the low transition of Cs. 
831H-5776B 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


Wi 


Wk 


tow tDH 


Data-in Valid 
ae = tow 


High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 


Address Address Valid 


UII: WLLL: 


tpw tDH 


Data-in Valid 





High impedance 
Data Undefined 


Notes: 

{1] CS or WE must be high during address transition. 

[2] A write cycle occurs during the overlap of a low CS and a low WE. 

[3] twRis measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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NEC 


NEC Electronics Inc. 


Description 


The PD43253B is a 65,536-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD43253B a high- 
speed device that requires very low power and no clock 
or refreshing. 


The uPD43253B is available in standard 28-pin plastic 
DIP and SOJ packaging. 


Features 


65,536-word x 4-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O capability 

Output enable (OE) control 

Low power dissipation 

— 140 mA max (active) 

— 2mA max (standby) 

QO Standard 28-pin, 300-mil plastic DIP and SOJ 
packages 


noadaoga 


Ordering Information 


Part Number Access Time (max) Package 
uUPD43253BCR-15 15ns 28-pin plastic DIP 
CR-20 20 ns 
CR-25 25 ns 
MPD43253BLA-15 15 ns 28-pin plastic SOJ 
LA-20 20 ns 
LA-25 25 ns 


Pin Configurations 


28-Pin Plastic DIP 


Pin Identification 
Symbol! 

Ao - A15 

VO, - /O4 

cs 

OE 

WE 

GND 

Voc 


1 
2 
3 
4 
5 
6 
7 
8 





pPD43253B 
65,536 x 4-Bit 
Static CMOS RAM 





Function 

Address inputs 

Data inputs and outputs 
Chip select 

Output enable 

Write enable 

Ground 


+5-volt power supply 








_ pPD43253B 








Absolute Maximum Ratings 


Supply voltage, Voo -0.5 to +7.0V 
Input and output voltages, Vix, (Note 1) . ..70.5.to Veg + 0.3V 
Operating temperature, Topr | 0 to +70°C 
Storage temperature, Tstg = 85 to +125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 
(1) Vin (min) = -3.0V for 10-ns pulse. 





Capacitance . 

Ta = 25°C; Vin and Vpout = OV; f = 1 MHz 

Parameter Symbol Min Max Unit 
Input capacitance Cin 6 pF 
Output capacitance CpouT 8 _ . pF 


Capacitance is sampled and not 100% tested. 


Block Diagram 


8 


Row 
Decoder ° 256 Rows 
256 x 4 Columns 
; 


Recommended Operating Conditions 














Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 — 5.5 aN 
Input voltage, low Vit -0.5 7 ; 0.8 | V 
Operating temperature. Ta 0 ie AID 8G 
Notes: | 7 

(1) Vit = -3.0V for 20-ns pulse, . 

Truth Table — = | 
CS WE OE Mode Output loc 
H X x Not selected High-Z _‘ Standby 
L H H Output disable Active | 
L L X Write Din Active 
L H L Read Dout 

X = don't care. 


Memory Cell 
Array 


ch 
Column 
Decoder 


As Az Ag Ag A149 A41A42 Aig 





2 
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DC Characteristics 











Ta = Oto +70°C; Veo = +5.0V 410% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ly ~2 2 A Vin = OVtoVoc 
Output leakage current lo -2 2 yA Vout = OV to Voc; CS = Vin 
Standby supply current Isp 30 mA CS = Vin 
Ispy 2 mA CS = Vog - 0.2V; Vin Ss 0.2V or = Vog-0.2V 
Output voltage, low VoL 0.4 Vv lol = 8O0mA e 
Output voitage, high Vou 2.4 V lon = -4.0 mA 





AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V +10% 





pPD43253B-15 PD43253B-20 ,~PD43253B-25 














Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current loc 140 120 120 mA CS = Vi; !lpout = OMA 

Address access time taA 15 20 25 ns 

Chip select access time tacs 15 20 25 ns 

Chip deselection to output in high-Z toyz 0 6 0 8 10 ns (Note 4) 

Chip selection to output in low-Z toLz 3 3 3 ns (Note 3) 

Output enable access time tog 8. 10 12 ns 

Output hold from address change tou 3 3 3 ns 

Output enable to output in high-Z toHz 6 8 10 ns 

Output enable to output in low-Z toLz 0 0 0 ns 

Read cycle time tac 15 20 25 ns (Note 2) 

Write Operation 

Address setup time tas 0 0 0 ns 

Address valid to end of write taw 13 15 20 ns 

Chip select to end of write tow 13 15 20 ns 

Data hold time tou 0 0 0 ns 

Data valid to end of write tow 10 12 14 ns 

Output active from end of write tow 0 0 fe) ns (Note 3) 

Write cycle time two 15 20 25 ns 

Write enable to output in high-Z twHz 0 6 0 8 0 10 ns ___ (Note 4) 

Write pulse width twp 12 14 18 ns 

Write recovery time twr 0 0 0 ns 

Notes: 

(1) Ing st pulse levels = GND to 3.0 V; input pulse rise and fall times (3) Transition is measured at +200 mV from steady-state voltage 
a es timing reference levels = 1.5 V; see figure 1 for output with the load shown in figure 1. 


(4) Transition is measured at Vo, + 200 mV and Voy —- 200 mV with 
(2) All read cycle timings are referenced from the last valid address to the load shown in figure 1. 
the first transitioning address. 


ie 


HAN} @) 


pPD43253B NE Cc 


Figure 1. Output Loads 


Cy = 30 pF (Including scope and test jig) 
C= 5 pF for tcnz, to.z toHz toLz tow and twHz 
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Timing Waveforms 


Address Access Cycle 


DouT Previous Data Valid 


Notes: 
[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS = Vj, . 





Chip Select Access Cycle 






Notes: 
[1] WE Is held high for a read cycle. 

[2] Device Is continuously selected: CS = OE = Low 

[3] Address valid prior to or coincident with the low transition of CS. 










pPD43253B NE S 


Timing Waveforms (cont) 


WE-Controlled Write Cycle 





tas twp 


fT ‘Cc pPD43253B. 





Timing Waveforms (cont) 


CS-Controlled Write Cycle 
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NEC 


NEC Electronics Inc. 


Description 


The uPD43254B is a 65,536-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD43254B a high- 
speed device that requires very low power and no clock 
or refreshing. 


The pPD43254B is available in standard 24-pin plastic 
DIP and SOJ packaging. 


Features 


65,536-word x 4-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O capability 

Low power dissipation 

— 140 mA max (active) 

—2mA max (standby) 

QO Standard 24-pin plastic DIP and SOJ packaging 


ooaqc0aca a 


Ordering Information 


Part Number Access Time (max) Package 
UPD43254BCR-15 15 ns 24-pin plastic DIP 
CR-20 20 ns 
CR-25 25 ns 
UPD43254BLA-15 15 ns 24-pin plastic SOJ 
LA-20 20 ns 
LA-25 25 ns 
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uPD43254B 
65,536 x 4-Bit 
Static CMOS RAM 


Pin Configurations 


24-Pin Plastic DIP 


a 
3 
oO 
zs 
(=) 
a 
2 










pPD43254B 


83YL-7443A 





Pin Identification 


Symbol Function 

Ao - Ais Address inputs 

VO, - Og Data inputs and outputs 
cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


yPD43254B 








Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input and output voltages, Vin (Note 1) 0.5 toVeo + 0.3V 
Operating temperature, Topa 0 to +70°C 
Storage temperature, Tstg * 55 to + 125°C 
. Power dissipation, Pp 1.0W 


_ Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. , 


Notes: 
- (1) Vin (min) = -3.0 V for 10 ns pulse. 


Capacitance 

Ta = 25°C; Vin and Vpour = OV; f = 1 MHz (Note 1) 

Parameter ‘Symbol Min Max Unit 
Input capacitance Cn 6 pF 
Output capacitance 


Cpout ae. pF 
Notes: 


_ (1) This parameter is sampled and not 100% tested. 


Block Diagram | 


Address 
Buffer 





Recommended Operating Conditions 

















Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 50 5.5 Vv 
Input voltage, high Vin 2.2 Voo+ 03 V 
Input voltage, low Vi ~0.5 ~ 0.8 V 
Operating temperature Ta | oO. i 70 °C 
Notes: . - 

(1) Vi_ = -3.0V for 20 ns pulse. 

Truth Table 

Function Cs WE Input/Output lee 
Not selected H X High-Z Standby 
Read L Ho DouT . Active 
Write L AL . Dn Active 
Notes: 


(1) X = don't care. 


Memory Cell 
Array 
256 Rows 
256 x 4 Columns 


Column 
Decoder 


Address 
Buffer 


Ae Az Ag Ag Aig A441 A429 Aig 


y a 


KE C pPD43254B 


DC Characteristics 
Ta = Oto +70°C; Voco = +5.0V £10% 











Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Ii ~2 2 HA Vin = OVtoVoc 
Output leakage current ILo ~2 2 HA Vout = OV to Voc; CS = Vin 
Standby supply current Isp 30 mA CS = Vin 
Isp4 2 mA CS = Vog- 0.2V; Vin S$ 0.2V or = Vog-0.2V 
Output voltage, low VoL 0.4 V lo. = 80 mA 
Output voltage, high Vou 2.4 V lon = —4.0 mA 





AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V £10% 





pPD43254B-15 PD43254B-20 p¢PD43254B-25 a 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 








Read Operation 
Operating supply current loc 140 120 120 mA CS= Vi; Ipour = OMA 
Read cycle time tro 15 20 25 ns (Note 2) 
Address access time taa 15 - 20 25 ns 
Chip select access time tacs 15 20 25 ns 
Output hold from address change tou 3 3 3 ns 
Chip selection to output in low-Z toLz 3 3 3 ns (Note 3) 
Chip deselection to output in high-Z = toyz 0 6 0 8 0 10 ns (Note 4) 
Write Operation 
Write cycle time two 15 20 25 ns (Note 2) 
Chip select to end of write tow 13 15 20 ns 
Address valid to end of write taw 13 15 20 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 12 14 18 ns 
Write recovery time twr 0 . 0 0 ns 
Data valid to end of write tow 10 12 14 ns 
Data hold time topo 0 0 0 ns 
Write enable to output in high-Z twuz 0 6 8 10 ns (Note 4) 
Output active from end of write tow 0 0 0) ns (Note 3) 
Notes: 
(1) Input pulse levels = GND to 3.0; input pulse rise and falltimes (8) Transition is measured at +200 mV from steady-state voltage 
= 3ns; timing reference levels = 1.5V; see figures 1 and 2 for with the load shown in figure 2. 
output load. (4) Transition is measured at Vo; + 200 mV and Voy ~ 200 mV with 
(2) All read cycle timings are referenced from the last valid address to the load shown in figure 2. 


the first transitioning address. 


ie] 
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Figure 1. Output Load 


“including Scope and Jig 





831H-4832A 


Figure 2. Output Load for tcuz, tciz, twuz, and tow 


“Including Scope and Jig 





8HIH-4831A 
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Timing Waveforms 





Address Access Cycle 


Address Address Valid 


Sea (ae 
Notes: 


[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = VIL 





Chip Select Access Cycle 





High Impedance 


impedance 


Notes: 
[1] WE is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


ie \\k 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address 


Fe AQAA WHLMLMLLLLLL, 


t 
tow DH 


Data-in Valid 


|< —wne 
mo WL Lee LLL) = 


Notes: 


[1] CS or WE must be high during address transition. a 

[2] A write cycle occurs during the overlap of a low CS and a low WE. 

{3] twrRis measured between the rising edge of either CS or WE, 
whichever occurs first, and the end of two. 
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NEC 


NEC Electronics Inc. 


Description 


The PD43258A is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to 
make the uPD43258A a high-speed device that requires 
very low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. The uPD43258A 
is available in standard 28-pin plastic DIP or SOJ 
packaging. 


Features 


Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

One CS pin and one OE pin for easy application 
Standard 28-pin plastic DIP and SOJ packaging 
Fast access time of 15 ns (max) 


ooanaadgd 


Ordering information 


Part Number Access Time (max) Package 
uUPD43258ACR-15 15 ns 28-pin plastic DIP 
CR-20 20 ns 
CR-25 25 ns 
UPD43258ALA-15 15 ns 28-pin plastic SOJ 
LA-20 20 ns 
LA-25 25 ns 
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pPD43258A 
32,768 x 8-Bit 
Static CMOS RAM 


Pin Configurations 


28-Pin Plastic DIP or SOJ 


< 
% 
¢ 
ral 
a 
4 


Pin Identification 
Symbol Function 


Ao - A14 Address inputs 20d 
VO, - YOg Data inputs and outputs 

cs Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


any 


pPD43258A 








Block Diagram 


Memory Cell 
_ Address ™ Array 
Buffer “512 Rows 
64 x 8 Columns 


a ees 


_Output 
Input Column . 
Data Decoder ; 
Contro! My 
ies Address 


Buffer 


= 


Oeeeeee CG 





. = 


Ag eee Ag Ato 








Truth Table Recommended Operating Conditions: 
Function CS OF WE 10 lee. Parameter Symbol Min Typ Max = Unit 
Not selected H. .. X. X High-Z . Standby Supply voltage 7 Voc 45° 5.0 5.5 Vv 
Outputs disabled L HH High-Z Active Input voltage, low (Note 1) Vir -0.5 0.8 Vv 
Read L L H DouTt Active Input voltage, high Vind “22° Vege +03 V- 
Write L X L Din Active Ambient temperature Ta 0 70 °C 
Notes: Notes: 
(1) X= dont care. (1) -3.0V minimum (pulse width = 10 ns). 
DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Ih -2 2 uA Vin = OV toVoco 
/O leakage current ILo -2 2 yA Wyo = OV to Voc; CS = Vy or OE & Vy or WE = Vi 
Standby supply current Isp 30 ma CS = Vin: Vin = Ving OF Vit 

IsBt 2 mA CS = Voc -0.2V; Vin < 0.2 V or = Vog-02V 
Output voltage, low VoL 0.4 Vv lo. = 8mA 
Output voltage, high Vou 2.4 V lon = —4.0 mA 


ine) 
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pHPD43258A 
Absolute Maximum Ratings Capacitance 
Supply voltage, Voc (Note 1) -0.5 to +7.0V Te ee ee, Sn ene Your = ov 
Input voltage, Vin (Note 1) -0.5 to Voo + 0.5V ie a RO 
Output voltage, Vio (Note 1) -0.5 to Veg + O.5V pur capecliane SI ec pF 
Input/output capacitance Cyo 8 pF 


0 to +70°C 
~55 to +125°C 


Operating temperature, Topp 
Storage temperature, Tstg 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 


nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 


(1) -3.0V minimum (pulse width = 10 ns). 


AC Characteristics | 
Ta = 0 to +70°C; Vog = +5.0V + 10% 


Notes: 


(1) This parameter is sampled and not 100% tested. 


pPD43258A-15 pPD43258A-20 PD43258A-25 


Parameter Symbol Min Max Min 
Read Operation 

Operating supply current loc 150° 

Read cycle time tro 15 20 
Address access time taa 15 

Chip select access time tacs 15 

Output enable to output valid toE 9 

Output hold from address change = toy; 

Chip select to output in low-Z toLz 

Output enable to outputinlow-Z — toLz 

Chip select to output in high-Z tonz 10 

Output enable to output in high-Z = tonz 8 

Write Operation 

Write cycle time twe 15 20 
Chip select to end of write tow 12 13 
Address valid to end of write taw 12 13 
Address setup time tas 0 ie] 
Write pulse width twp 12 13 
Write recovery time twr 0 0 
Data valid to end of write tow 9 10 
Data hold time toH 0 0 
Write enable to output in high-Z twHz 8 

Output active from end of write tow 0 0 


Notes: 


(1) Input pulse levels = 0 to 3 V; input pulse rise and fall times = 
5 ns; timing reference levels = 1.5 V. 


(2) See figure 1 for output load. 
(3) See figure 2 for output load. 





Max Min Max Unit Test Conditions 
140 130 mA CS < Vy (min cycle); Ivo = OmA 

25 ns_ (Note 2) 
20 25 ns_ (Note 2) 
20 25 ns (Note 2) 
10 12 ns (Note 2) 
3 ns (Note 2) 
ns (Note 3) 
0 ns_ (Note 3) 
10 10 ns (Note 3) 
8 10 ns (Note 3) 

25 ns 

15 ns 

15 ns 

0 ns 

15 ns 

0 ns 

12 ns 

0 ns 
8 10 ns (Note 3) 
0 ns (Note 3) 


PAUTe| 
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Figure 1. Output Load 


% Including scope and jig 





Figure 2. Output Load for tc. z, to.z, tcuz, tonz, twuz, andtow 


%€ Including scope and Jig 
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Timing Waveforms 


Address Access Cycle 


Address ; Address Valid 


Previous Data Valid BOO 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = OF = Vy. 





Chip Select Access Cycle 


Address 


20d 


High Impedance 


Notes: 
[1] WE is high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of Cs. 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 





Address . ; Address Valid 


YA WLLL LLL 


twR 


Data-in Valid 
k—tow- 


' High Impedance 
Data Undefined [Note 4] = {Note 4] 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 
[2] CS or WE must be high during address transition. 

[3] if OE is high, the /O pins remain in a state of high impedance. 


[4] During this period, the /O pins may be in the output state. 
Therefore, input signals of opposite phase must-not be applied. — 


831H-6438B 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 


Address Address Valid 


WR 


NI WML, 


DH 





Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and alow WE. 
[2] CS or WE must be high during address transition. 

(3) If CE is high, the I/O pins remain in a state of high impedance. 





20d 
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NEC 


NEC Electronics Inc. 


Description 


The uPD43259A is a 32,768-word by 9-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to 
make the uPD43259A a high-speed device that requires 
very low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. The uPD43259A 
is available in standard 32-pin plastic DIP or SOJ 
packaging. 


Features 


Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

One CS pin and one OE pin for easy application 
Standard 32-pin plastic DIP and SOJ packaging 
Fast access time of 15 ns (max) 


nbooaoaad 


Ordering Information 


Part Number Access Time (max) Package 
UPD43259ACR-15 15 ns 32-pin plastic DIP 
CR-20 20 ns 
CR-25 25 ns 
UPD43259ALA-15 15 ns 32-pin plastic SOU 
LA-20 20 ns 
LA-25 25 ns 
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pPD43259A 
32,768 x 9-Bit 
Static CMOS RAM 


Pin Configuration 


32-Pin Plastic DIP or SOJ 


3 
i%9] 
N 
iy) 
wv 
a 
a 
a 


83YL-7534A 





Pin Identification 





Symbol Function 

Ao - A14 Address inputs 

YO, - /Og Data inputs and outputs 
cs Chip select 

CE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


HPD43259A 


NEC 





Block Diagram 


: Address ~ Row 
Buffer Decoder 








Memory Cell 
Array 
512 Rows 
64 x 8 Columns 


ge sae 


Column 
Decoder 


Address 
Buffer 


Ago eee Ag Ayo 


Output 
Data 
Control 


Recommended Operating Conditions 


83YL-7535B 





HA Vyo = OV to Veo; CS = Vy or OE = Viy or WE = Vi. 


Output voltage, low VoL 0.4 


Truth Table 

Function CS OF WE Ke) loc 

Not selected H X X High-Z Standby 

Outputs disabled - L H H High-Z Active 

Read L L H Dout Active 

Write L X L Din Active 

Notes: 

(1) X = don't care. 

DC Characteristics 

Ta = Oto + 70°C; Vog = +5.0V +10% 

Parameter Symbol Min Typ Max 

Input leakage current ly -2 2 

VO leakage current lLo -2 2 

Standby supply current = Igp 30 
IsB1 2 

Output voltage, high Vou 2.4 


Ly) 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 NV 
Input voltage, low (Note 1) Vi, -0.5 0.8 Vv 
input voltage, high Vin 2.2 Veco + 03 V 
Ambient temperature TA 0 70 °C 
Notes: 
(1) —3.0 V minimum (pulse width = 10 ns). 
Unit Test Conditions 
HA Vin = OV to Voc 
ma CS = Vii Vin = Vin oF Vit 
mA CS 2 Voo - 0.2 V; Vin S 0.2 V or = Vog-0.2V 
Vv lo. = 8mA 
Vv lon = —4.0 mA 


NV E Cc pyPD43259A 


Absolute Maximum Ratings Capacitance 
Ta = +25°C; f = 1 MHz; Vin and Vout = OV 


Supply voltage, Voc (Note 1) -0.5 to +7.0V a PE EA RSPR OE tf Ee a RE 
oe a ae 2 ~ Seer neha eee Parameter Symbol Min Max Unit 


Input voltage, Vin (Note 1) -0.5 to Voc + OSV 


Output voltage, Vo (Note 1) -0.5 to Voc + 0.5V WU Sr a Se ee ete One 


Operating temperature, Topp Oto +70°C Input/output capacitance Cyo 8 pF 





Storage temperature, TsTg ~55 to +125°C Notes: 


Exposure to Absolute Maximum Ratings for extended periods may (1) This parameter is sampled and not 100% tested. 
affect device reliability; exceeding the ratings could cause perma- 

nent damage. The device should be operated within the limits 

specified under DC and AC Characteristics. 


Notes: 


(1) -3.0V minimum (pulse width = 10 ns). 


AC Characteristics 
Ta = 0to + 70°C; Voo = +5.0V +10% 


pPD43259A-15 pPD43259A-20 pPD43259A-25 








Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 

Operating supply current loc 150 140 130 mA CS < Vi, (min cycle); lyo = OmA 
Read cycle time tro 15 20 25 ns (Note 2) 
Address access time taa 15 20 25 ns_ (Note 2) 
Chip select access time tacs 15 20 25 ns_ (Note 2) 
Output enable to output valid tog 9 10 12 ns_ (Note 2) 
Output hold from address change toy 3 3 3 ns_ (Note 2) 
Chip select to output in low-Z tcLz 3 3 3 ns_ (Note 3) 
Output enable to outputinlow-Z — toi z 0 0 0 ns (Note 3) 
Chip select to output in high-Z tonz 10 10 10 ns_ (Note 3) 
Output enable to output in high-Z = toyz 8 8 10 ns (Note 3) 
Write Operation 

Write cycle time two 15 20 25 ns 

Chip select to end of write tow 12 13 15 ns 

Address valid to end of write taw 12 13 15 ns 

Address setup time tas 0 0 0 ns 

Write pulse width twp 12 13 15 ns 

Write recovery time twrR 0 te) 0 ns 

Data valid to end of write tow 9 10 12 ns 

Data hold time toy 0 0 0 ns 

Write enable to output in high-Z twuz 8 8 10 ns (Note 3) 
Output active from end of write tow 0 0 0 ns _ (Note 3) 
Notes: 


(1) Input pulse levels = 0 to 3 V; input pulse rise and fall 
times = 5 ns; timing reference levels = 1.5V. 


(2) See figure 1 for output load. 
(3) See figure 2 for output load. 
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Figure 1. Output Load 


* Including scope and Jig 





83YL-7198B 


Figure 2. Output Load for tc. z, to.z, tcnz, tonz. twuz, and tow 


* Including scope and Jig 
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NEC PD&32508 


Timing Waveforms 


Address Access Cycle 


Address Address Valid 


Previous Data Valid XXX) 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = OE = V,. 





Chip Select Access Cycle 


Address 





High Impedance 


Notes: 
[1] WE Is high for a read cycle. 


[2] Address valid prior to or coincident with the low transition of CS. 
831H-64378 





uPD43259A N: E Cc 


Timing Waveforms (cont) 





WE-Controlled Write Cycle 


WON ee MMM 


k—§tow 


High Impedance 


Data Undefined [Note 4] [Note 4} 


Notes: 

[1] A-write cycle occurs during the overlap of a low CS and a low WE. 
[2] CS or WE must be high during address transition. 

{3] If OE is high, the VO pins remain in a state of high impedance. — 


[4] During this period, the VO pins may be in the output state. 
Therefore, input signals of opposite phase must not be applied. 
S31H-6438B 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 















Notes: 
[1] A write cycle occurs during the overlap of a low CS and alow WE. 
[2] CS or WE must be high during address transition. 
(3) If OE is high, the /O pins remain in a state of high impedance. 
831H-6439B 
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Cache Data RANs 








Fast Static RAMs (1M) 


Section 21 

Fast Static RAMs (1M) 

pPD Organization Features 

431001 i1Mx1 20-ns 21a 
431004 256K x4 20-ns 21b 
431008 128Kx8 15-ns; Output enable 21c 
431009 128Kx9 15-ns; Output enable 21d 
431016 64K x 16 15-ns; Output enable 21e 
431018 64K x 18 15-ns; Output enable 21f 


Upcoming Products 


Description Device Number Comments 

128K x 8 uPD461008 Speeds to 8 ns; 3.3- and 5-V versions 
128K x 9 pPD461009 Speeds to 8 ns; 3.3- and 5-V versions 
64K x 16 UPD461016 Speeds to 8 ns; 3.3- and 5-V versions 


64K x 18 UPD461018 Speeds to 8 ns; 3.3- and 5-V versions 


NEC 


NEC Electronics Inc. 


Description 


The PD431001 is a 1,048,576-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design that uses CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the uPD431001 a high-speed device that requires 
no clock or refreshing. The “PD431001 is available in 
28-pin plastic SOJ packaging. 


Features 


1,048,576-word x 1-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Separated data input and output 

Three-state outputs 

Power dissipation 

— 140 mA max (active) 

—2 mA max (standby) 

O Standard 400-mil, 28-pin plastic SOJ packaging 


ooOnoon0o9g 


Ordering Information 


Access 
Part Number Time (max) Package 
HPD431001LE-20 20 ns 28-pin plastic SOJ 
LE-25 25 ns 
LE-35 35 ns 
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yPD431001 
1,048,576 x 1-Bit 
Static CMOS RAM 


Pin Configuration 


28-Pin Plastic SOJ 





- 
° 
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st 
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a 
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Pin Identification 


Symbol 
Ag - Aig 
Din 
Dout 
cs 

WE 
GND 
Voc 

NC 


Function 
Address inputs 
Data input 
Data output 





Chip select 

Write enable 

Ground 

+5-volt power supply 


No connection 


pPD431001 


NEC 





Absolute Maximum Ratings 
Power supply voltage, Voc -0.5 to +7.0V 
-0.5 to Vog + 0.3 V 
-0.5 to Vog + 0.3 V 

0 to + 70°C 


—55 to + 125°C 


Input voltage, Viy (Note 1) 
Output voltage, Vout 
Operating temperature, TopR 
Storage temperature, Tst¢ 


Exposure to Absolute Maximum Ratings for extended periods may 


affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 





Notes: 

(1) Vin = —3.0 V minimum for 10 ns maximum pulse. 

Truth Table 

ts WE Function Dout loc 

H X Not selected High-Z Standby 
L H Read Output data Active 
L L Write High-Z Active 
Note: 


(1) X = don't care 


Block Diagram 


Address 
Buffer 


Input 


Data 
Control 


Capacitance 

Ta = +25°C; f = 1 MHz (Note 1); Viy and Voyt = OV 
Parameter Symbol! Min Typ Max 
Input capacitance C 6 
Output capacitance Co 10 
Notes: 

(1) This parameter is sampled and not 100% tested. 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max 
Supply voltage Voc 45 5.0 5.5 
Input voltage, low Vit ~0.5 0.8 
Input voltage, high Vin 2.2 Veco + 0.3 
Ambient temperature Tay 0 70 
Note: 

(1) Vit = —3.0V minimum for 10 ns maximum pulse. 


Memory Cell Array 


Sense Switch 


Column 
Decoder 


Address 
Buffer 





Unit 
pF 
pF 


Unit 


°C 


y 
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DC Characteristics 








Ta = Oto +70°C; Vog = +5.0V +10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current hy -2 2 LA Vin = OV to Vocg 
Output leakage current lo -2 2 HA Vout = 0V to Voc; CS = Vin or WE = Vi 
Standby supply current Isp 30 mA CS = Vin: Vin = Vin oF Vit 
Ispi 2 mA CS = Vog -0.2V; Vin S 0.2V or = Vog-0.2V 
Output voltage, low VoL 0.4 V lo. = 8.0mA 
Output voltage, high Vou 24 V lon = -—4.0mA 





AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V +10% 





»PD431001-20 =4PD431001-25 = »PD431001-35 














Parameter Symbol! Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current loc 140 120 100 mA CS = Vi; tac = tac (min); 
louT = OmA 

Read cycle time tro 20 25 35 ns (Note 2) 

Read access time taa 20 25 35 ns 

Chip select access time tacs 20 25 35 ns 

Output hold from address change = toy 5 5 5 ns 

Chip select to output in low-Z tcLz 5 5 5 ns _—_ (Note 3) 

Chip deselect to output in high-Z tcnz 0 8 0 10 0 15 ns (Note 4) 





Write Operation 


21a 








Write cycle time two 20 25 35 ns (Note 2) 

Chip select to end of write tow 15 20 30 ns 

Address valid to end of write taw 15 20 30 ns 

Address setup time tas .¢) 0 0 ns 

Write pulse width twp 15 15 25 ns 

Write recovery time twr 3 3 3 ns 

Data valid to end of write tow 12 15 20 ns 

Data hold time tou 0 ie) 0 ns 

Write enable to output in high-Z twHz 8 0 10 0 10 ns (Note 4) 

Output active from end of write tow 0 0 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time = {8) The transition is measured +200 mV from steady-state voltage 
3 ns; timing reference levels = 1.5 V; see figures 1 and 2 for the with the load shown in figure 2. 
Output ond: (4) The transition is measured at Vo, + 200 mV and Voy, - 200 mV 

(2) All read and write cycle timings are referenced from the last valid with the load shown in figure 2. 


address to the first transitioning address. 


ao 
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Figure1. Output Load 


“including Scope and Jig 





831H-5773B 


Figure 2. Output Load for toyz, tc_z tow, and twuz 





Dout 


“Including Scope and Jig 


831H-5774B 
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Timing Waveforms 


Address Access Cycle 


Address 


\/ 
revo Daa Vat Oat RY 
Notes: 


{1] WE Is held high for a read cycle. 


[2] The device is continually selected, where CS = VIL 
831H-5775B 





Chip Select Access Cycle 





m ance V/ Y | 
con er ROOK tev) 


Notes: 
[1] WE Is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


ANY LL 


tAWw 


INN: 


tpw tDH 


Pa Le tow 


High Impedance 
Data Undefined : = 


Notes: 


[1] CS or WE must be high during address transition. a 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address Address Valid 


AAA WML, 


tow tDH 
Data-in Valid 


High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR Is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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NEC 


NEC Electronics Inc. 


Description 


The pPD431004 is a 262,144-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD431004 a high- 
speed device that requires very low power and no clock 
or refreshing. 


The uPD431004 is available in standard 28-pin plastic 
SOU packaging. 


Features 


262,144-word x 4-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O capability 

Low power dissipation 

— 150 mA max (active) 

—2mA max (standby) 

QO Standard 28-pin plastic SOJ packaging 


G6oogoonoud6udod ca 


Ordering Information 


Part Number Access Time (max) Package 
UPD431004LE-20 20 ns 28-pin plastic SOJ 
LE-25 25 ns 
LE-35 35 ns 
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uPD431004 
262,144 x 4-Bit 
Static CMOS RAM 


Pin Configuration 


28-Pin Plastic SOJ 


vw 
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Pin Identification 


Symbol Function 

Ao - Ai7 Address inputs 

YO4 - VO4 Data inputs and outputs 
¢s Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 





NC No connection 


pPD431004 


NEC 





Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input and output voltages, Viy (Note 1) -0.5 to Voo + 0.3 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tsta — 55 to + 125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 


(1) Vin = ~3.0V minimum for 10 ns pulse. 


Capacitance 

Ta = 25°C; Vin and Vpout = OV; f = 1 MHz (Note 1) 

Parameter Symbol Min Max Unit 
Input capacitance Cw 6 pF 
Output capacitance CpouTt 10 pF 


Notes: 


(1) This parameter is sampled and not 100% tested. 


Block Diagram 


Address 
Buffer 


Control 


Output 
Data 
Control 





Truth Table 


Function S WE OE Input/Output loc 
Not selected H X X High-Z Standby 
Output disable L H H High-Z Active 
Read L H L DouT Active 
Write L L X Din Active 
Notes: 


(1) X = don't care. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input voltage, high Vin 2.2 Voot+ 03 V 
Input voltage, low Vit -0.5 0.8 V 
Operating temperature Ta 0 70 °C 
Notes: 


(1) Vit = -3.0V minimum for 10 ns pulse. 


Memory Ceil 
Array 


Sense/Switch 


Column 
Decoder 


Address 
Buffer 


Ag Aig Aq Ata Aig Ata Ais Aig Ai7 
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DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V £10% 


Parameter Symbol Min Typ Max Unit Test Conditions 


Input leakage current let -2 2 HA Vin = OV toVec 
Output leakage current lLo ~2 2 WA Vout = 0V to Voc; CS = Viy or WE = Vy or OF = Vin 
Standby supply current Isp 30 mA CS = Vin 
IsB4 2 mA CS = Voc - 0.2 V; Vin $ 0.2V or = Voc -0.2V 
Output voltage, low VoL 0.4 V lo. = 8.0mA 
Output voltage, high Vou 2.4 Vv lon = ~4.0mA 





AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +10% 


pPD431004-20 PD431004-25 ,~PD431004-35 





Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current loc 150 140 120 mA CS = Vy; tao = tac (min); 

IpouT = OmA 

Read cycle time trac 20 25 35 ns _—_ (Note 2) 

Address access time tra 20 25 35 ns 

Chip select access time tacs 20 25 35 ns 

Output hold from address change = toy 5 5 5 ns 

Output enable access time tog 10 10 15 ns 

Output enable to output in low-Z toLz 0 0 0 ns (Note 3) 

Output disable to output in high-Z — toyz 0 8 0 10 0 15 ns __—_ (Note 4) 

Chip selection to output in low-Z toLz 5 5 5 ns (Note 3) 

Chip selection to output in high-Z toyz 0 8 (¢) 10 0 15 ns (Note 4) 

Write Operation 

Write cycle time twe 20 25 35 ns (Note 2) 

Chip select to end of write tow 15 20 30 ns 

Address valid to end of write taw 15 20 30 ns 

Address setup time tas 0 te) 0 ns 

Write pulse width twp 15 20 30 ns 

Write recovery time twr 3 3 3 ns 

Data valid to end of write tow 12 12 20 ns 

Data hold time tou 0 ce) 0 ns 

Write enable to output in high-Z twuz 0 8 0 8 0 10 ns (Note 4) 

Output active from end of write tow 0 (0) 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and falltimes (8) Transition is measured at +200 mV from steady-state voltage 
= 3ns; timing reference levels = 1.5V; see figures 1 and 2 for with the load shown in figure 2. 
output load. (4) Transition is measured at Vo, + 200 mV and Voy — 200 mV with 

(2) Allread cycle timings are referenced from the last valid address to the load shown in figure 2. 


the first transitioning address. 
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Figure1. Output Load 





“Including Scope and Jig 


Figure 2. Output Load for tcnz, toxz, tonz torz twuz. and tow 


“Including Scope and Jig 
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Timing Waveforms 





Address Access Cycle 


Address 


Previous Data Valid Data Valid 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = OF = VIL 





831H-6269B 


Chip Select Access Cycle 


a CORK =) 


THZ 
ta Valid 





Voc 
Supply 
Current 


Notes: 

[1] WE Is held high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of cs. 
[3] OE = VIL- 
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Timing Waveforms (cont) 


Output Enable Access Cycle 


tac 


Address Address Valid 


High Impedance 


[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = Vj,. 





WE-Controlled Write Cycle 


Address 


port WAAAY LLL 
XA 


Data-in Valid 


J —twe |+-—tow 


Notes: 
[1] CS or WE must be high during address transition. 
[2] If OE is high, the VO pins remain in high impedance. 


{3] During this period, the VO pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 


Address 


UII: WLLL LLLLLLL 


tpw tDH 


DIN Data-in Valid 


+ ——1we 


Notes: 

[1] CS or WE must be high during address transition. 

[2] if OE is high, the VO pins remain in high impedance. 

[3] During this period, the /O pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 
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NEC pyPD431008 
} 131,072 x 8-Bit 


NEC Electronics Inc. Static CMOS RAM 


Description Pin Configuration 


The uPD431008 is a 131,072-word by 8-bit static RAM 32-pijn Plastic SOJ 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- pPDASI00S 
channel memory cells to make the uPD431008 a high- 
speed device that requires no clock or refreshing. The 
pUPD431008 is available in a standard 32-pin plastic SOV. 


Features 


Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/O using three-state outputs 

One CS pin and one OE pin for easy application 
Standard 32-pin plastic SOJ packaging 
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Ordering Information 





Access 
Part Number Time (max) Package 
uPD431008LE-15 15ns 32-pin plastic SOJ 
LE-17 17 ns 
LE-20 20 ns 
Pin Identification 
Symbol Function 
Ao - Aig Address inputs 
1/0, - /Og Data inputs and outputs 
cs Chip select 
OE Output enable 
WE Write enable 
GND Ground 
Voc +5-volt power supply 


NC No connection 


60249 
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Block Diagram 


Memory Cell Array 
512 Rows 
256 Columns x 8 /Os 


Sense Switches 





NEC 


Absolute Maximum Ratings 
Supply voltage, Voc (Note 1) 

Input voitage, Vij (Note 1) 

Output voltage, Vyo (Note 1) 
Operating temperature, Topa 

Storage temperature, Tgtg 


Power dissipation, Pp 


-0.5 to +7.0V 
~0.5 to Veg + O.5V 
-0.5 to Veg + 0.5V 

0 to +70°C 

-55 to +125°C 

1.0W 


Truth Table 
OE 


cs 


mirist 


L 


x<irm|] ao] x 


pPD431008 
WE Function 1/0 lec 
X Not selected High-Z Standby 
H Outputs disabled High-Z Active 
H Read Dout. Active 
L Write Din Active 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 











Note: 


(1) X = don't care. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 

a Supply voltage Veco 45 5.0 5.5 V 
(1) —3.0V minimum (pulse width = 10 ns). Raunvaliade: ow Vib OS On V 
Capacitance Neto!) 
Ta = +25°C; f = 1 MHz; Vin and Voyt = OV Input voltage, high Vin 22 Voc + 0.5 Vv 
Parameter Symbol Min Max Unit Ambienttemperature Ta 0 70 °C 
Input capacitance C, 6 pF Note: 
Input/output capacitance Cyo 8 pF (1) -3.0V minimum (pulse width = 10 ns). 
Note: 
(1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current tu -2 2 A Mn = OV to Voc 
VO leakage current lLo -2 2 HA Vyo = OV to Veco 
Operating supply current loci (tac = two) = 15 ns) 160 mA CS = Viti lyo = 0 mA 

loce (tre = two) = 17 ns) 150 mA CS= Vi; lyo = OMA 

loca (tre = twe) = 20 ns) 140 mA CS= Vii lyo= OmA 
Standby supply current Isp 30 mA CS = Vin; Vin = Vin or Vip 

Igp4 10 mA CS = Voo-0.2V; Vin s 0.2 V or = Voc -0.2V 
Output voltage, low VoL 0.4 V lo. = 8mA 
Output voltage, high Vou 2.4 Vv lon = —4.0 mA 





i¢) 
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AC Characteristics 
Ta = 0 to +70°C; Voc = +5.0 V + 10% 


Parameter 





Figure 1.Output Loads — 





CL = 390 pF (including scope and test jig) 
C_ =5 pF for tcnz, tcLz toHz toz tow. and twHz 


pPD431008-15 


pPD431008-17 


»PD431008-20 





Symbol Min Max Min: Max Min Max Unit Test Conditions 
Read Operation , ; 
Read cycle time _ tac 15 17 20 ns _ 
Address access time © taa 15 | 17 20 ns 
Chip select access time tacs 15 17 20 ons 
Output enable to output valid toe 8 9 10 ns 
Output hold from address change ton 5 5 5 ns 
Chip select to output in low-Z | ‘ toiz 5 5 5 ns 
Output enable to output in low-Z toLz 1 1 ns 
Chip select to: output in high-Z tcnHz 7 7 7 ns 
Output enable to output in high-Z touz 7 7 7 ns 
Write Operation 
Write cycle time two 15 17 20 ns 
Chip select to end of write tow 10 ”" 12 ns 
Address valid to end of write taw 9 11 12 ns 
Address setup time tas 0 ce) 0 ns 
Write pulse width twp 9 10 ~ 10 ns 
Write recovery time twr 0 0 ) ns 
Data valid to end of write tow 8 9 10 ns 
_ Data hold time tox 0 i 0 0 ns 
Write enable to output in high-Z twHz 7 7 7 ns 
Output active from end of write tow 3 3 3 ns 


NE Cc pPD431008 


Timing Waveforms 


Address Access Cycle 


Dout Previous Data Valid Data Valid XXX) 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device Is continually selected, where CS = OE = Vj. 


Address Valid 





Notes: 
[1] WE Is high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


two 


Address Valld 


tow 


NN WILLLLLILLLLLL, 


Data Undefined 


Notes: 
[1] A write cycle occurs during the overlap of a low CS and a low WE. 
[2] CS or WE must be high during address transition. 
[3] During this period, the /O pins may be In the output state. 
’ Therefore, Input signats of opposite phase must not be applied. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address Valid 


7 


NIN WAIL 


tDH 


Data-in Valid 


High impedance 


Notes: 
[1] A write cycle occurs during the overlap of a low CS and alow WE. 
[2] CS or WE must be high during address transition. 
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NEC 


NEC Electronics Inc. 


Description 


The pwPD431009 is a 131,072-word by 9-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells to make the uPD431009 a high- 
speed device that requires no clock or refreshing. The 
uUPD431009 is available in a standard 36-pin plastic 
SOu. 


Features 


Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/0 using three-state outputs 

One CS pin and one OE pin for easy application 
Standard 36-pin, 400-mil plastic SOJU packaging 
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Ordering Information 


Access 
Part Number Time (max) Package 
MPD431009LE-15 15 ns 36-pin plastic SOJ 
LE-17 17 ns 
LE-20 20 ns 
Pin Identification 
Symbol Function 
Ao - Ate Address inputs 
VO4 - Og Data inputs and outputs 
cs Chip select 
OE Output enable 
WE Write enable 
GND Ground 
Voc +5-volt power supply 
NC No connection 
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yPD431009 
131,072 x 9-Bit 
Static CMOS RAM 


Pin Configuration 


36-Pin Plastic SOJ 


‘uPD431009 
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Block Diagram 


Memory Cell Array 
512 Rows 
256 Columns x 9 /Os 
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Absolute Maximum Ratings 

Supply voltage, Voc (Note 1) -0.5 to +7.0V 
Input voltage, Viy (Note 1) -0.5 to Voc + 0.5V 
Output voltage, Vyo (Note 1) -0.5 to Veg + 0.5V 
Operating temperature, Topa 0 to +70°C 
Storage temperature, Tstg —55 to +125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Note: 

(1) -3.0V minimum (pulse width = 10 ns). 

Capacitance 

Ta = +25°C; f = 1 MHz; Vin and Vout = OV 

Parameter Symbol Min Max Unit 
Input capacitance Cc) 6 pF 
Input/output capacitance Cio 8 pF 
Note: | 


(1) This parameter is sampled and not 100% tested. 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V = 10% 


Parameter Symbol Min Typ 
Input leakage current lu -2 
/O leakage current ILo -2 
Operating supply current loci {tac = two = 16 Ns) 
loca (tre = two = 17 ns) 


loos (tac = two = 20 ns) 


Standby supply current Isp 
Ispi 
Output voltage, low VoL 
Output voltage, high Vou 2.4 


Truth Table 


Fyre (zg 
w 


Note: 


pPD431009 
WE Function vo loc 
X Not selected High-Z Standby 
H Outputs disabled High-Z Active 
H Read DouT Active 
L Write Din Active 


(1) X = don't care. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Veco 45 5.0 5.5 Vv 
Input voltage, low Vit -0.5 0.8 V 
(Note 1) 

Input voltage, high Vin 2.2 Voc + 0.5 Vv 
Ambient temperature Ta 0 70 °C 
Note: 


(1) -3.0V minimum (pulse width = 10 ns). 


Max 


160 
150 
140 


10 
0.4 


Unit 
uA 
HA 
mA 
mA 
mA 
mA 
mA 


Test Conditions 

Vin = OV to Veg 

Vyo = OV to Vee 

CS = Viti lyo = OMA 

CS = Viti yo = OMA 

CS = Viti lyo = OMA 

CS = Vin Vin = Vin oF Viv 

CS = Veo -0.2V; Vin = 0.2 V or = Vog-0.2V 





lo. = 8mA 
lon = —4.0 mA 
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AC Characteristics 
Ta =.0 to +70°C; Voc = +5.0V. + 10% 
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Parameter : Symbol — “Min Max Min Max “Min Max —-Unit__‘Test Conditions 
Read Operatio 
Read cycle time - tre 15 17 20 ons 
Address access time _ , tA ~ 415 17 20 ns 
Chip select access time tacs 15 _ 17. “20 ns 
Output enable to output valid tog 8 9 10 ns 
Output hold from address change ton 5 ; 5 rn ns 
‘Chip select to output in low-Z ‘toLz 5 ns 
Output enable to output in low-Z toLz 1 1 1 ns 
Chip select to output in high-Z tonz ae 7 7 ns 
‘Output enable to output in high-Z tonz 7 7 7 ns 
Write Operation | 
Write cycle time two — 15 17 20. ns 
Chip select to end of write tow 10 1 12 ns 
Address valid to end of write . taw 9 an] 12. ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 9 10 10 ns 
Write recovery time twr 0 0 0 ns 
Data valid to end of write tow 8 10 ns 
Data hold time . tp 0 0 ns 
Write enable to output in high-Z . ~ twuz 7 7 7 ns 
Output active from end of write ‘tow 3 3 3 ns 





Figure 1. Output Loads 





Cz = 30 pF (including scope and test Jig) 
CL=5 pF for toyz, teLz touz toLz tow, and twuz 


NEC wPD431009 


Timing Waveforms 


Address Access Cycle 


oo TOOK ear OOK 


Notes: 
[1] WE Is held high for a read cycle. = 
[2] The device Is continually selected, where CS = OE = Vj. 





Chip Select Access Cycle 


Address Valid 





Notes: 
[1] WE Is high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


rr 
TN LLL. 


‘ twR 


Data Undefined 


Notes: 

[1] A write cycle occurs during the overlap of alow CS and alow WE. 

[2] CS or WE must be high during address transition. 

[8] During this period, the /O pins may be In the output state. 
Therefore, Input signals of opposite phase must not be applied. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


fe A WLLL LLL 


tpw tDH 


DIN Data-in Valld 


High Impedance 


DouT 


Notes: 
[1] A write cycle occurs during the overlap of a low CS and a low WE. 
{2] CS or WE must be high during address transition. 
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NEC 


NEC Electronics Inc. 


Description 


The yPD431016 is a 65,536-word by 16-bit static RAM 
fabricated with advanced silicon-gate technology, 
unique CMOS peripheral circuits, and N-channel mem- 
ory cells. It is suitable for cache memory and buffer 
memory applications where high speed, high density, 
and wide I/O SRAMs are required. 


The uPD431016 operates with low power from a single 
+5-volt supply. No clock or refreshing is required. The 
plastic package is a standard 44-pin SOJ or TSOP. 


Features 


65,536-word x 16-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O capability _ 

Output buffer control: OE 

Data byte control: LB, UB 

Low power dissipation 

— 240 mA max (active) 

— 10 mA max (standby) 

QO Standard 44-pin, 400-mil plastic SOU or TSOP 
package 
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Ordering Information 


Part Number Access Time (max) Package 
uPD431016LE-15 15 ns 44-pin plastic SOJ 
LE-17 17 ns 
LE-20 20 ns 
HPD431016G5-15 15 ns 44-pin plastic TSOP 
G5-17 17 ns 
G5-20 20 ns 
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uPD431016 
65,536 x 16-Bit 
Static CMOS RAM 


Pin Configurations 


44-Pin Plastic SOJ 


»PD431016 
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NEC 





Pin Configurations (cont) 
44-Pin Plastic TSOP 


»PD431016 


oO 


1 
2 
3 
4 
5 
6 
7 
8 
5 


Truth Table 





Pin Identification 


Symbol 

Ao - Ais 
YO, - VO4g 
as 

iB 

OE 

UB 

WE 

GND 


Veco 
NC 


Mode 


Not selected 


0, -V/Og 
Hi-Z 


Dout 


Function 

Address inputs 

Data inputs and outputs 

Chip select 

Lower byte select (1/0, - \/Og) 
Output enable 

Upper byte select (I/Og - I/O4g) 
Write enable 

Ground 


+5-volt power Supply 


‘No connection 


WOg - VO4g -- ~ Power 
Hi-Z Standby 
Dout Active 
Hi-Z 


DouT 


Hi-Z 
Din 


DoutT 
Din 


Hi-Z 


cs OE WE 
H X x 
L E H 
L X L 
L H H 
L x x 
x 


56 Se ee eae pee Sed 


S12 peri ei Ss 


Din 
Hi-Z 
Hi-Z 
Hi-Z 


Din 
Hi-Z 
Hi-Z 


= Don't care. 


i) 


Block Diagram 


A7-A45 © 


VO4-/Og © 


VO9-VO4g © 


AgrAg © 





fe Tes 


uPD431016 


ail 
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Absolute Maximum Ratings 


Supply voltage, Vee -0.5 to +7.0V 
Input and output voltages, Vio (Note 1) ~0.5 to Veco + 05V 
Operating temperature, Topp: 0 to + 70°C 


Storage temperature, TsTg 


Power dissipation, Pp 1.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Note: 
(1) Vin (min) = ~3.0 V for 10-ns pulse. 


~55 to +125°C 


' Parameter 


Recommended Operating Conditions 


Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input voltage, high Vin 2.2 Voco+ 03 V 
Input voltage, low Vit -0.5 08 V 
Operating temperature Ta 0 70 °C 


Note: 
(1) Vit = -3.0V for 10-ns pulse. 


Standby supply current . 


CS = Voc - 0.2V; Vin S$ 0.2V or = Voc - 0.2V 


Capacitance 
Ta = 25°C; Vin and Vpout = OV; f= 1 MHz 
Parameter Symbol Min Max Unit 
Input capacitance Cin 6 pF 
Output capacitance Cpout 8 pF 
.Capacitance is sampled and not 100% tested. 
DC Characteristics 
Ta = Oto +70°C; Veg = +5.0V +10% 
_ Parameter Symbol Min Typ 
“ Input leakage current to -2 
Output leakage current lo ~2 
Isp 
: Igp4 
Output voltage, low VoL 
Output voltage, high Vou 2.4 


CL = 30 pF (including scope and test jig) 
C_=5 pF for tayz, ta_z tcHz teLz tonz toLz tow and twHz 
83FM-8670A 





Max Unit Test Conditions 

2 yA Vin = OVtoVoco 

2 UA Vout = 0V to Voc; CS, OE, LB, or UB = Viy or 

WE=Vy 

30 mA “CS = Vin 

10 mA 

0.4 v lo, = 8OmA 

Vv lon = -4.0 mA 


NEC 


AC Characteristics 
Ta = Oto +70°C; Veo = +5.0V +10% 
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pPD431016-15 pPD431016-17 p»PD431016-20 
Parameter Symbol “Min Max “Min Max_ Min Max Unit Test Conditions 
Read Operation 
Operating supply current loc 240 230 220 mA CS = Vy; Ipout = 
0 mA (Note 5) 
Address access time tana 15 17 20 ns 
Chip select access time tacs 15 17 20 ns 
Data byte select access time taps 10 ns 
Data byte select to output in high-Z — tayyz 7 ns 
Data byte select to output in low-Z tBLz 1 ns 
Chip deselection to outputin high-Z = toyz .¢) 7 7 0 7 ns (Note 4) 
Chip selection to output in low-Z toLz 5 ns (Note 3) ~ 
Output enable access time tor 8 9 10 ns 
Output hold from address change tou 5 5 5 ns 
Output enable to output in high-Z tonz 7 7 7 ns 
Output enable to output in low-Z toLz 1 1 1 ons 
Read cycle time tac 15 17 20 ns (Note 2) 
Write Operation 
Address setup time tas 0 0 ns 
Address valid to end of write taw 11 12 ns 
Data byte select to end of write taw 11 12 ns 
Chip select to end of write tow 10 11 12 ns 
Data hold time _ ton fe) ) ns 
Data valid to end of write tow 10 ns 
Output active from end of write ~ tow ns (Note 3) 
Write enable to output in high-Z twuz 0 7 7 7 ns (Note 4) 
Write cycle time two 15 17 20 ns (Note 2) 
Write pulse width twp 10 10 ns 
Write recovery time twr 0 0 ns 


Notes: 
(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 


= 3ns; timing reference levels = 1.5 V; see figure 1 for output . 


loads. : 


(2) Allread cycle timings are referenced from the last valid address to 
the first transitioning address. 


(8) Transition is measured at +200 mV from steady-state voltage 
with the load shown in figure 1. 


(4) Transition is measured at Vo, + 200 mV and Voy — 200 mV with 
the load shown in figure 1. 


(5) loc = 180 mA max at tag = 50 ns. 
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Timing Waveforms 


Address Access Cycle 


Dout Previous Data Valid 


Notes: 
[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS = Vj, . 





Chip Select Access Cycle 


CC 


[1] WE Is high for a read cycle. 
[2] Device is continuously selected: 
CS = OF = [5 = Low 
CS = OE = UB = Low 
[3] Address valid prior to or coincident with CS transition low. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


as WLLL, 
NE WN 


ee 


MTL 
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Timing Waveforms (cont) 


CS$-Controlled Write Cycle 


cs 


ZA: WLLL 


a= WWW : PTL 





NEC 


Timing Waveforms (cont) 


LB/ UB-Controlled Write Cycle 


aan i 
EN 
toes 


Notes: 

[1] A write occurs during the overiap of CS low, WE low, and LB low. 

[2] A write occurs during the overlap of CS low, WE low, and UB low. 

[9] CS or WE must be high during address transition. 

[4] During this period, /O pins are In the output state; therefore, Input 
signals of opposite phase to the output must not be applied. 





pPD431016 


a enmnn 
MILLI, 


twrR 


tDH 


Data-in Valid 


taiz 


High impedance 
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NEC a6 x 18-Bit 
65,536 x 18-Bit 


NEC Electronics Inc. Static CMOS RAM 





Description Pin Configurations 


The uPD431018 is a 65,536-word by 18-bit static RAM  44-Pin Plastic SOJ 
fabricated with advanced silicon-gate technology, 
unique CMOS peripheral circuits, and N-channel mem- uPD431018 
ory cells. It is suitable for cache memory and buffer 
memory applications where high speed, high density, 
and wide I/O SRAMs are required. 


The ~PD431018 operates with low power from a single 
+5-volt supply. No clock or refreshing is required. The 
plastic package is a standard 44-pin SOJ or TSOP. 


Features 


65,536-word x 18-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1|/O capability 

Output buffer control: OE 

Data byte control: LB, UB 

Low power dissipation 

— 260 mA max (active) 

— 10 mA max (standby) 

QO Standard 44-pin, 400-mil SOJ or TSOP plastic 
package 
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Ordering Information 





Part Number Access Time (max) Package 
uUPD431018LE-15 15 ns 44-pin plastic SOJ 
— $$$ pPD431018 
LE-17 17 ns 
LE-20 20 ns 
MPD431018G5-15 15 ns 44-pin plastic TSOP 
G5-17 17 ns 
G5-20 20 ns 
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Pin Identification 


Symbol Function 
Ag - Ais Address inputs . -- 
VO, - /Org Data inputs and outputs 
cS “Chipeclet 
TB Lower byte select (I/O, - I/O9) 
OE -- Output enable _ 
UB ‘Upper byte select (O49 - 1/048) 
WE ' Write enable 
GND .. Ground 
Vee + 5-volt power supply 
NC - No connection . 
Truth Table 
cs 0E WE LB UB Mode 0;-WOg =... WOxg- 04g Power 
H x x ay x Not selected Hi-Z’ Hi-Z Standby 
L L H L L Read. Dour Dour Active 

L H Read Dout Hi-Z 

H L Read Hi-Z Dout 
L x L L L Write Dn Dn 
L H Write Din HZ 

. He L Write i. Hi-Z Din 
L H H xX xX — Hi-Z Hi-Z 
L x X H H _ Hi-Z Hi-Z 





X = Don't care. 


no 
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Block Diagram 


Memory Matrix 
256 Rows 


| Decoder 256 x 18 Columns 
(1,179,648 Bits) 
et eal ae Lome TS 
Le Rl eee 
_ | | Tar 
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Absolute Maximum Ratings Recommended Operating Conditions 

Supply voltage, Voc -0.5 to +7.0V Parameter Symbol Min Typ Max Unit 
Input and output voltages, Vyo (Note 1) -~0.5toVoog + O5V Supply voltage Voc 45 5.0 5.5 V 
Operating temperature, Topa 0 to.+ 70°C Input voltage, high Vin 2.2 Vecot 05 V 
Storage temperature, Tgtg -55 to + 125°C Input voltage, low Vit -0.5 0.8 V 
Power dissipation, Pp 1.0W Operating temperature Ty 0 70 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits (1) Vit = —3.0V for 10-ns pulse. 
specified under DC and AC Characteristics. 


Note: 


Note: 
(1) Vin (min) = -3.0 V for 10-ns pulse. 


Capacitance 
Ta = 25°C; Vin and VoouTt = OV; f = 1 MHz 


Parameter Symbol Min Max Unit 
Input capacitance Cin 6 pF 
Output capacitance Cpout 8 pF 


Capacitance is sampled and not 100% tested. 


DC Characteristics 
Ta = 0 to +70°C; Voog = +5.0V +10% 





Parameter Symbol Min Typ Max Unit Test Conditions: 
Input leakage current Ii ~2 2 LA Vin = OV to Veo 
Output leakage current lLo -2 2 HA Vout = 0V to Veg; CS, OE, LB, or UB = Viy or 
WE = Vip 
Standby supply current Isp 30 mA CS = Vin 
Isp 10 mA CS = Voo- 0.2 V; Vin < 0.2V or = Voc-0.2V 
Output voltage, low VoL 0.4 V lo. = 8.0 mA 
Output voltage, high VoH 2.4 V loy = -4.0 mA 





Figure 1. Output Loads 


Ci = 30 pF (including scope and test jig) 
C_= 5 pF for tayz, taLz tcHz tcLz toHz toLz tow and twuz 
83FM-8870A 
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AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V +10% 


pPD431018 


pPD431018-15 #PD431018-17 »PD431018-20 








Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 
Operating supply current loc 260 220 200 mA CS = Vi; Ilpout = 
0 mA (Note 5) 
Address access time taa 15 17 20 ns 
Chip select access time tacs 15 17 20 ns 
‘Data byte select access time taDB 8 9 10 “ons 
Data byte select.to output in high-Z tgyz 7 7 ; _7 ns 
Data byte select to output in low-Z taLz 1 1 1 ns 
Chip deselection to output in high-Z tonz 7 0 7 0 7 ns (Note 4) 
Chip selection to output in low-Z toLz 5 5 5 : ns (Note 3) 
Output enable access time toe 8 8 10 ns 
Output hold from address change ton 5 5 5 ns 
Output enable to output in high-Z tonz 7 7 7 ns 
Output enable to output in low-Z toLz 1 1 1 ns 
Read cycle time tac 15 17 20 ns (Note 2) 
Write Operation 
Address setup time tas 0 0 0 ns 
Address valid to end of write taw 9 11 12 ns 
Data byte select to end of write taw 9 11 12 ns 
Chip select to end of write tow 10 11 12 ns 
Data hold time ton 0 ce) 0 ns 
Data valid to end of write tpw 8 9 . 10 ns 
Output active from end of write tow 3 3 3 ns (Note 3} 
Write enable to output in high-Z twHz 0 7 7 7 ns (Note 4) 
Write cycle time two 15 17 20 ns (Note 2) 
Write pulse width twp 10 10 ns 
Write recovery time twr QO 0 ns 


Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 
= 3ns; timing reference levels = 1.5 V; see figure 1 for output 
loads. 


(2) Allread cycle timings are referenced from the last valid address to 
the first transitioning address. 


(8) Transition is measured at +200 mV from steady-state voltage 
with the load shown in figure 1. 


(4) Transition is measured at Vo, + 200 mV and Voy ~ 200 mV with 
the. load shown in figure 1. 


(5) loo = 140 ma max at tag = SO ns. 


pPD431018 


Timing Waveforms 


Address Access Cycle 


Dout Previous Data Valid: - XXXXK KKK 


- Notes: 
[1] WE Is held high for aread cycle. 
[2] The device Is continually selected, where CS = Vj, . 


Chip Select Access Cycle | 


“ ; OOD 


Notes: 
[1] WE Ishigh for a read cycle. 
[2] Device Is continuously selected: 
CS = 0E=1B = Low 
CS = OF = UB = Low 
[3] Address valid prior to or coincident with CS transition low. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


twp 


a : {TT 
z. | A a, 


| 1 


Data: 
tWHZ. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


AUN: WLLL. 


tDH 


aa WN : ML 
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Timing Waveforms (cont) 


LB/ UB-Controlled Write Cycle 


® \\\\ 
A 
ee 


High | 
Dour Impedance 


Notes: 
[1] A write occurs during the overlap of CS low, WE low, and LB low. 


[2] A write occurs during the overlap of CS low, WE low, and UB low. 


[3] CS or WE must be high during address transition. 
[4] During this period, I/O pins are In the output state; therefore, Input 
signals of opposite phase to the output must not be appiled. 
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a ann 
MILLA 


twR 


tDH 


Data-in Valld 


teiz 
High Impedance 
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Fast Static RAMs (4M) 


Section 22 

Fast Static RAMs (4M) 

pPD Organization Features 

434001 4Mx1 20-ns 22a 
434004 1Mx4 20-ns; Output enable 22b 


434008 512Kx 8 20-ns; Output enable 22c 


NEC 


NEC 


NEC Electronics Inc. 


Description 


The uPD434001 is a 4,194,304-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design with CMOS peripheral circuits and 
N-channel memory cells, the uPD434001 is a high- 
speed device that requires no clock or refreshing. 


Features 


4,194,304-word x 1-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 
Separated data input and output 

Three-state outputs 

Power dissipation 

— 140 mA max (active) 

— 10 mA max (standby) 

Q Standard 400-mil, 32-pin plastic SOJ package 


0ooodo0n0 0 


Ordering Information 


Access 
Part Number Time (max) Package 
uPD434001LE-20 20 ns 32-pin plastic SOJ 
LE-25 25 ns 


60206 


pPD434001 
4,194,304 x 1-Bit 
Static CMOS RAM 


Pin Configuration 


32-Pin Plastic SOJ 





Pin Identification 


Symbol 
Ag - Aat 
cs 

Din 
DouT 
OE 

TE 

WE 
GND 
Veo 


Function 

Address inputs 
Chip select input 
Data input 

Data output 

Output enable input 


Test mode enable input 





Write enable input 
Ground 


+ 5-volt power supply 


yPD434001 


Absolute Maximum Ratings 


Power supply voltage, Voc -0.5 to +7.0V 
Input voltage, Viy (Note 1) -0.5 to Voo + 03 V 
Output voltage, Vout -0.5 to Veg + 0.3 V 
Operating temperature, Topr 0 to + 70°C 
Storage temperature, Tstg sis —55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC. Characteristics. 


Note: 

(1) Vin = —3.0 V minimum for 10-ns maximum pulse. 

Truth Table 

CS WE OE Function vO lec 
H X X Not selected High-Z Standby 
L H L Read Output data Active 
L L xX Write Data in Active 
L H H Output disable High-Z Active 
X = don't care 


Block Diagram 








Capacitance 

Ta = +25°C; f = 1 MHz; Vin and Voyt = OV 

Parameter Symbol! Min Typ Max 
Input capacitance C; 6 
Output capacitance Co 10 


* Capacitance is sampled and not 100% tested. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max 
Supply voltage Voc 4.5 5.0 5.5 
Input voltage, low Vit ~0.5 0.8 
Input voltage, high Vin 2.2 Veco + 0.3 - 
Ambient temperature Ta . oO : 70° 

Vit = -2.0V minimum for 10-ns maximum pulse. 


Memory Cell Array 
1024 x 4096 
(4,194,804 Bits) 


Sense Switches 


Column Decoder 


Unit 
pF 
pF 


Unit 


°C 


NEC 


DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V £10% 
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Parameter Symbol Min Typ Max Unit Test Conditions 
input leakage current ty -2 LA Vin = 0V toVec 
Output leakage current lo -2 LA Vout = OV to Voc; CS = Viy or WE = Vi, 
Standby supply current Igp (-20) mA CS = Vin: Vin = Vin or Vit 

Igp (-25) 50 mA 

Igpi -25 10 mA CS = Voc -0.2V; Vin $ 0.2V or = Voco-0.2V 
Output voltage, low VoL 0.4 V lol = 8.0mA 
Output voltage, high Vou 2.4 Vv lon = —4.0mA 
AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V £10% 

»PD434001-20 = «PD 434001-25 

Parameter Symbol “Min Max- “Min Max- Unit Test Conditions 
Operating supply current loc 140 130 mA CS = Vi; tro = tac (min); loyy = OmA 
Read Operation 
Read access time taAA 20 25 ns 
Chip select access time tacs 20 25 ns 
Chip deselect to output in high-Z tonz 0 8 10 ns (Note 4) 
Chip select to output in low-Z toLz ns (Note 3) 
Output enable access time tog 10 12 ns 
Output hold from address change — ton 3 3 ns 
Output enable to outputin high-Z = toyz 10 ns 
Output enable to output in low-Z toLz 0 ns 
Read cycle time tac 20 25 ns (Note 2) 
Write Operation 
Address setup time tas 0 0 ns 
Address valid to end of write taw 14 17 ns 
Chip select to end of write tow 14 17 ns 
Data hold time tou 0 0 ns 
Data valid to end of write tow 10 12 ns 
Output active from end of write tow 0) 0 ns (Note 3) 
Write cycle time twe 20 25 ns (Note 2) 
Write enable to output in high-Z twuz 0 8 0 10 ns (Note 4) 
Write pulse width twp 12 15 ns 
Write recovery time twR 3 3 ns 
Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time = 
5 ns; timing reference levels = 1.5 V; see figure 1 for the output 
load. 


(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 


(8) The transition is measured +200 mV from steady-state voltage 
with the load shown in figure 1. 


(4) The transition is measured at Vo, + 200 mV and Voy - 200 mV 
with the load shown in figure 1. 


pPD434001 


Figure 1. Output Loads 


C= 30 pF (including scope and test jig) 
CL =5 pF for tcHz, toLz toHz toLz tow, and twHz 


Figure 2. Test Mode 
Test Mode Set Cycle 


TE 


Test Mode Reset Cycie 


see 30 ns minimum 


Notes: 

(i) In test mode, the apparent Intemal memory 
organization is 512K words by 8 bits. 

(2) Write the same data (1 or 0) on all 8 bits through 
pin Dy, addressing pins Ag-Ayg. Pins AygAa4 
are "Don't Care." 

(3) Read data through pin DoyT. Data output Is 1 
if correct, 0 If incorrect. 
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Timing Waveforms 


Address Access Cycle 


Previous Data Valid 


Notes: 
[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS = V},. 





Chip Select Access Cycle 





[1] WE Is held high for a read cycle. 
{2] Device Is continuously selected: CS = OE = Low 
[3] Address valld prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


Games cae 
NY aa. 


taw-—— twr 


Wh 


tpw 


Data-in Valid 


Notes: 


[1] CS or WE must be high during address transition. ee 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twr ls measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address Valid 





UN: WLLL 


tow tDH 
Data-in Valid 


High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. _ 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twr is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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NEC 


NEC Electronics Inc. 


pHPD434004 
1,048,576 x 4-Bit 
Static CMOS RAM 





Description 


The pPD434004 is a 1,048,576-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design with CMOS peripheral circuits and 
N-channel memory cells, the uPD434004 is a high- 
speed device that requires no clock or refreshing. 


Features 


1,048,576-word x 4-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

OE signal for output contro! 

Common I/O with three-state outputs 

Power dissipation 

— 150 mA max (active) 

— 10 mA max (standby) 

QO Standard 400-mil, 32-pin plastic SOJ package 


oHU00g0ag cag a 


Ordering Information 


Access 
Part Number Time (max) Package 
HPD434004LE-20 20 ns 32-pin plastic SOJ 
LE-25 25 ns 


60207 


Pin Configuration 


32-Pin Plastic SOJ 





Pin Identification 


Symbol 
Ao - Aig 
cs 

O04 - Og 
OE 

TE 

WE 

GND 


Veco 


Function 

Address inputs 

Chip select input 

Data input/output 
Output enable input 
Test mode enable input 
Write enable input 
Ground 


+5-volt power supply 
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Absolute Maximum Ratings Capacitance 

Power supply voltage, Veo - ; -0.5 to +7.0V Boe eee Ct = re Vin ene Vout =O Ve 
Input voltage, Vij -0.5 to Vog + 03 V Fetemeten 2-2. Sh in es ee 
Output voltage, VoyT -0.5 to Voce + 03 V sl ake ec hal rr 
Storage temperature, Teta 55 to + 125°C * Capacitance is sampled and not 100% tested. 

Vin = —2.0V minimum: for 10-ns maximum pulse. Recommended Operating Conditions 


Exposure to Absolute Maximum Ratings for extended periods may Sp ee hn PE pe he EOL? SMa Senn ca ane, 
affect device reliability; exceeding the ratings could cause perma- Parameter Symbol = Min” Typ Max ___sUniit 
nent damage. The device should be operated within the limits Supply voltage Vec 45 5.0 5.5 V 

specified under DC and AC Characteristics. 


Input voltage, low Vit 705 08 ov 
Truth Table Input voltage, high Vin 2.2 Voo + 03. V 
CS WE OE Functin |. VO lec Ambienttemperature Ty - 0 +70 °C 
H X X Not selected = —— High-Z Standby  Vi_ = ~2.0V minimum for 10-ns maximum pulse. 
L H L Read Output data Active 
L L X Write Data in Active 
L H H Output disable “High-Z Active 
X = don't care 


Block Diagram 


Memory Cell Array 
1024 x 1024 x4 
(4,194,304 Bits) 


VO4-VO4q © 


Agra 10, ; Address 
AisA19 Buffers 
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DC Characteristics 


Ta = 0 to +70°C; Vog = +5.0V +10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Iu -2 2 HA Vin = OV to Veco 
Output leakage current lo -2 2 HA Vout = 0V to Voc; CS = Viy or WE = Vi, 
Standby supply current Isp (-20) 60 mA CS = Vin: Vin = Vin or Vi 

Igp (-25) 50 mA 

Ispi 10 mA CS = Voc —-0.2V; Vin S$ 0.2V or = Voc -0.2V 
Output voltage, low VoL 0.4 V lo. = 8.0mA 
Output voltage, high VoH 2.4 Vv lon = ~4.0 mA 
AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V +10% 

#PD434004-20 #PD434004-25 

Parameter Symbol “Min Max “Min Max Unit Test Conditions 
Operating supply current loc 150 140 mA CS = Vit; tao = tro (min); loyy = OmA 
Read Operation 
Read access time taa 20 25 ns 
Chip select access time tacs 20 25 ns 
Chip deselect to output in high-Z tcnz 8 10 ns (Note 4) 
Chip select to output in low-Z toLz ns (Note 3) 
Output enable access time tog 10 12 ns 
Output hold from address change — toy; 3 3 ns 
Output enable to outputin high-Z — toyz 10 ns 
Output enable to output in low-Z toLz 0 ns 
Read cycle time tro 20 25 ns (Note 2) 
Write Operation 
Address setup time tas 0 0 ns 
Address valid to end of write taw 14 17 ns 
Chip select to end of write tow 14 17 ns 
Data hold time tbH .¢) 0) ns 
Data valid to end of write tow 10 12 ns 
Output active from end of write tow 0 0 ns (Note 3) 
Write cycle time twe 20 25 ns (Note 2) 
Write enable to output in high-Z twuz 0 8 0 10 ns (Note 4) 
Write pulse width twp 12 15 ns 
Write recovery time twr 3 3 ns 


Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time = 
5 ns; timing reference levels = 1.5 V; see figure 1 for the output 


load. 


(2) All read and write cycle timings are referenced from the last valid 


address to the first transitioning address. 


(3) The transition is measured +200 mV from steady-state voltage 
with the load shown in figure 1. 


(4) The transition is measured at Vo; + 200 mV and Voy - 200 mV 
with the load shown in figure 1. 


pPD434004 NV KE Cc 





Figure 1. Output Loads 


C\, = 30 pF (including scope and test Jig) 
CL=5 pF for tcHz, tc.z tonz toLz tow. and twHz 





Figure 2. Test Mode 
Test Mode Set Cycle 
TE 


<—tsT—>| 30 ns minimum 


Test Mode Reset Cycle 


pas 30 ns minimum 


Notes: 

(1) In test mode, the apparent intemal memory 
organization Is 512K words by 8 bits. 

(2) Write the same data (1 or 0) on all 8 bits through 
pins YO4-/O4, writing 2 bits on each VO and 
addressing pins Ag-Ayg. Pin AjgIs "Don't Care." 

(3) Read data through pins ¥O4-1/O4, Data output Is 1 
if 2 bits are correct, 0 If incorrect. 





N: E Cc puPD434004 


Timing Waveforms 


Address Access Cycle 


Address Valid 


Previous Data Valid AXXXXK KKK XX 


Notes: 
[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS = V},. 





Chip Select Access Cycle 


Notes: 

[1] WE Is held high for a read cycle. 

[2] Device Is continuously selected: CS = OE = Low 

[3] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


ANN: a. 


: 2 taw t el “ 


INN. 


tpw tDH 


Le twie tow 


High Impedance 


Notes: 


[1] CS or WE must be high during address transition. -_ 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twr Is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


WHAM MLL, 


tow tDH 


Data-in Valid 


tWHZ 


High Impedance 
Data Undefined ali 


Notes: 

[1] CS or WE must be high during address transttion._ ee 

[2] A write cycle occurs during the overlap of a low CS and a low WE. 

[3] twr!s measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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NEC 


NEC Electronics Inc. 


Description 


The uPD434008 is a 524,288-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design with CMOS peripheral circuits and 
N-channel memory cells, the PD434008 is a high- 
speed device that requires no clock or refreshing. The 
device is available in a 36-pin plastic SOU package. 


Features 


524,288-word x 8-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Chip select and output enable for easy application 
Common I/O with three-state outputs 

Power dissipation 

— 190 mA max (active) 

— 10 mA max (standby) 

QO Standard 400-mil, 36-pin plastic SOJ package 


oodgdaadoaoa 


Ordering Information 


Access 
Part Number Time (max) Package 
UPD434008LE-20 20 ns 36-pin plastic SOJ 
LE-25 25 ns 


60208 


uPD434008 
524,288 x 8-Bit 
Static CMOS RAM 


Pin Identification 


Symbo! 
Ao - Aig 
cs 

0, - 1/08 
OE 

WE 

GND 


Vec 
NC 


Function 

Address inputs 

Chip select input 
Data input/output 
Output enable input 
Write enable input 
Ground 

+5-volt power supply 


No connection 


Pin Configuration 


36-Pin Plastic SOJ 
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Absolute Maximum Ratings 
Power supply voltage, Voc -0.5 to +7.0V 
-0.5 to Veg + 0.3V 
“-0.5 to Veg + 0.3V 

0 to +70°C 


-55 to + 125°C 


Input voltage, Viy (Note 1) 
Output voltage, Vout 
Operating temperature, Topr © 
Storage temperature, Ista 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 





Note: 

(1) Vin = -2.0V minimum for 10-ns maximum pulse. 

Truth Table 

CS WE OE Function . YO. loc 
H X X Not selected High-Z Standby 
Lip si oc Read Output data Active 
L L X Write Data in Active 
L H Output disable High-Z Active 
X = don't care 


Block Diagram 
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T= +25°C; f = 1 MHz; Vin and VouT = OV 





Parameter Symbol Min Typ Max Unit 
Input capacitance Cc 6 pF 
Output capacitance © Co eh 10 |. pF 
Note: . 


(1) This parameter is sampled and not 100% tested. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V. 
Input voltage, low Vit -0.5 0.8 V 
Input voltage, high Vin 2.2 Voc + 03 V 
Ambient temperature T, | 0 fay |: as © 
Note: | | 


(1) Vip = -2.0V minimum for 10-ns maximum pulse. 


Memory Cell Array 
1024 x§12x8 
(4,194,304 Bits) 


Sense Switches 


Column Decoder 


NEC 


DC Characteristics 


Ta = 0 to + 70°C; Vog = +5.0V +10% 


Parameter Symbol 

Input leakage current Iu 

Output leakage current ILo 

Operating supply current loc (Note 1) 

Standby supply current Igp (Note 2) 
Igpt 

Output voltage, low VoL 

Output voltage, high Vou 

Notes: 

(1) I¢¢ = 170 mA (max) for the uPD434008-25. 

(2) Isg = 50 mA (max) for the uwPD434008-25. 

AC Characteristics 

Ta = 0 to + 70°C; Vog = +5.0V £10% 

Parameter Symbo! 

Read Operation 

Read access time taA 

Chip select access time tacs 

Chip deselect to output in high-Z tonz 

Chip select to output in low-Z toLz 

Output enable access time toe 

Output hold from address change ton 

Output enable to output in high-Z tonz 

Output enable to output in low-Z toLz 

Read cycle time tro 

Write Operation 

Address setup time tas 

Address valid to end of write taw 

Chip select to end of write tow 

Data hold time tou 

Data valid to end of write tow 

Output active from end of write tow 

Write cycle time two 

Write enable to output in high-Z twuz 

Write pulse width twp 

Write recovery time twr 


Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time = 


Min 
-2 
-2 


2.4 


Typ Max 
2 
2 
190 
60 
10 
0.4 
pPD434008-20 
Min Max 
20 
20 
8 
10 
3 
20 
0 
14 
14 
0 
10 
0 
0 8 
12 
3 


3 ns; timing reference levels = 1.5 V; see figure 1 for the output 


load. 


(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 


Unit 
HA 
HA 
mA 
mA 
mA 


Test Conditions 
Vin = OV to Voo 


pPD434008 


Vout = OV to Veo; CS = Viq or WE = Vii 
CS = VIL; tac = tro (min); lout = OMA 
CS = Vini Vin = Vin oF Vit 


CS = Voc -0.2V; Vin s 0.2V or = Voc -0.2V 
lo = 8.0mA 


low = —4.0mA 


nPD434008-25 


Min 


25 


Max 


25 
25 
10 


10 


10 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 


(Note 4) 
(Note 3) 


(Note 2) 





(Note 3) 
(Note 2) 
(Note 4) 


(8) The transition is measured +200 mV from steady-state voltage 


with the load shown in figure 1. 


(4) The transition is measured at Vo, + 200 mV and Vo} - 200 mV 


with the load shown in figure 1. 
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Figure 1. Output Loads 


CL = 30 pF (including scope and test jig) 
C. = 5 pF for tcHz, toz, tonz toLz tow. and twHz 
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Timing Waveforms 


Address Access Cycle 


Previous Data Valid 


Notes: 
[1] WE Is held high for a read cycle. 
[2] The device is continually selected, where CS = V1. 





Chip Select Access Cycle 


Data Valid 





Notes: 

[1] WE is held high for a read cycle. 

[2] Device Is continuously selected: CS = OE = Low 

[3] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


ELITE 


taw 


AN 


tow 


Data-in Valid 


Notes: 


[1} CS or WE must be high during address transition, oo 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twr is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


WHHL. 


tow tDH 


Data-in Valid 


twHz 


High Impedance 
Data Undefined 


Notes: 

[1] CS or WE must be high during address transition. os 

[2] A witte cycle occurs during the overlap of a low CS and a low WE. 

[3] twrls measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Cache Data RAMs 


Section 23 
Cache Data RAMs 


pPD Organization Features 
46710A 16Kx 10bitx2 Cachedata;12ns 23a 
46741A 8Kx 20 bit x2 Cache data; 12-ns 23b 





NEC 


NEC Electronics Inc. 


Description 


The uPD46710A is a high-performance static BiCMOS 
RAM organized as 16,384 x 10 bits x 2 and designed for 
use as a high-speed cache memory. The uPD46710A 
integrates two 16,384 x 10-bit SRAM cores with associ- 
ated address latches and control signals that can be 
used to implement an instruction/data cache for 25- 
and 33-MHz VR3000™ RISC systems. 


Features 


Hoagaaand 


Fast access time: 12 or 15 ns 
16,384 x 10-bit x 2 organization 
On-chip address latches 

On-chip instruction/data caches 
Fully static read/write operation 
TTL-compatible inputs and outputs 
52-pin PLCC package 


Ordering Information 


Output 
Part Number Access Time Enable Time 
uUPD46710ALN-12 12 ns 4.5 ns 
LN-15 15 ns 7 ns 


VR 3000 is a trademark of NEC Corporation. 


60243 


Package 
52-pin PLCC 





yPD46710A 
16,384 x 10-Bit x 2 
Static BICMOS RAM 


Pin Configuration 


$2-Pin PLCC 


pPD46710A 


Pin Identification 


Symbol Function 

Ag - Ai3 Addresses 

ALEg and ALE, Address latch enable inputs 
Do - Dg Data inputs/outputs 

LCE and LCE Latch chip enable inputs 
OE, and OE, Output enable inputs 

WEp and WE, Write enable inputs 

Voc and Vocaq +5-volt power supply 

Vsg and Vgsq Ground 

NC No connection 
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Block Diagram 


16,384 x 10 
Array 1 


Multiplexer 1 
= Output 
: Buty 





NEC 


Figure 1. 64K-Byte Cache System 


Gee ee eee ee 


Tag12 - Tag3t 
Tag Po - Po, Tag V, Datag - Datais 
Dataig - Datag1 , Data Po - P3 








Functional Operation 


The uPD46710A integrates two 16K x 10 SRAM cores 
with associated address latches and control logic to be 
used as an instruction/data cache in a high-speed 
VR3000 RISC processor. In this system, the CPU ini- 
tiates a uPD46710A memory cycle by outputting an 
address to one of the two memory arrays. The signals 
on address lines Ao - Aj3 are latched onto the address 
latch of array 0 at the rising edge of ALE, while ALE; is 
inactive low. The CPU executes a read cycle on array 0 
and initiates the next memory operation. Memory 
array 1 is then accessed by latching the CPU address at 
the rising edge of ALE; with ALEg inactive low. 


To read data from memory array 0, OE is driven active 
low while WEo, WE}, and OE» remain inactive high. Data 
in memory array 1 is read by driving OE, low with OE, 
WEp, and WE, inactive high. 


The WE) and WE; signals control write cycles into each 
of the two memory arrays. Datais written into memory 


pPD46710A 


uPD46710A 


uPD46710A 


uPD46710A 


uPD46710A 


»PD46710A 


uPD46710A 


array 0 by driving write data on data lines Do - Dg with 
WEp active low. In a similar manner, the WE, signal 
controls write cycles into memory array 1. 


The LCE and LCE latch chip enable signals provide a 
decoding function that can be used to increase the size 
of the VR3000 cache memory. A 64K-byte cache (figure 
1) can be implemented using six uPD46710As with LCE 
and LCE connected to Vcc and GND, respectively. 


Cache size can be increased to 128K bytes (figure 2) 
using two banks of six uPD46710As. In this case, ad- 
dress signal A;4 is used to decode the two 64k-byte 
memory banks. LCE of the first bank is connected to 
address A;4 and LCE is connected to Voc. LCE of the 
second bank is connected to A;4 with LCE grounded. 
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Figure 2. 128K-Byte Cache System 


Address - Address43 


Tag Po - Po , Tag V, Datag - Data15 
Dataig - Datagq , Data Po - Pg 
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Truth Table 


Function LCE LCE WE» WE, OE OE; Output 
Not selected L L X X X X High-Z 
Not selected L H X X xX X High-Z 
Not selected H H X X xX X High-Z 
Read RAM array 0 data H L H H L H Read data 
Read RAM array 1 data H L H H H L Read data 
Output high-Z H L H H H H High-Z 
(Note 1) H L H H L L High-Z 
Write data into RAM array 0 H L L H xX X Write data 
Write data into RAM array 1 H L H L X xX Write data 
Write same data into both RAM arrays. (Note 2) H L L L X X 


Write data 


Notes: 


(1) Not recommended for use because of multiselection in the 
multiplexer circuit. 


(8) X = don't care. 


(2) Not recommended for use because of increasing ac power during 
write operation. 


NEC 


Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input voltage, Vin -0.510 + 7.0V 
Output voltage, Voyt -0.5to + 7.0V 
Operating temperature, Topp 0 to + 70°C 


Storage temperature, Tstg -55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics : 
Ta = 0 to +70°C; Vog = +5.0V 10% 


pPD46710A 


Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 
Supply voltage Vec 4.5 5.0 55 Vv 
Input voltage, high = Vy 2.2 Veot+ 03 V 
Input voltage, low = Vy. - 0.5 * 0.8 V 
Ambient Ta 0 +70 °C 
temperature 


* Vi, = -2.0 V min for 20-ns maximum pulse. 


Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Vout = OV 


Parameter* Symbol Min Typ Max _— Unit 
Input capacitance Cin 6 pF 
Input/output capacitance  Cyo 8 pF 


* These parameters are sampled and not 100% tested. 





Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ly -2 2 LA Vin = OV toVcoe 
Output leakage current lLo -2 2 LA Vo = OV toVoc 
Operating supply current* loca 300 mA Vo = open; Voc = max; f = 2/tro 
Output voltage, low VoL 0.4 V lol = BMA; Voc = min 
Output voltage, high Vou 2.4 V lon = —4.0 mA; Voc = min 
* Applicable to two SRAM cores operating at maximum frequency. 
AC Characteristics 
Ta = 0 to +70°C; Veg = +5.0V £10% 

pPD46710A-12 #PD46710A-15 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Operation 
Address access time taa 12 15 ns 
Address hold time for ALEg and ALE, taHLL 2 2 ns {Note 3) 
Latched chip enable access time taLce 12 15 ns 
ALE access time tALEA 1 14 1 17 ns 
Address latch enable pulse width tap 6 8 ns 
Address setup time for ALEg and ALE, tasLL 4 4 ns (Note 4) 
Latched chip enable to output in high-Z tcHz 1 6 2 7 ns (Note 1) 
Latched chip enable to output in low-Z toLz 1 2 ns (Note 1) 
Output enable to output valid toe 45 6 ns (Note 5) 
Output hold from address change ton 3 3 ns 
OE to output in high-Z touz oO 4 0 6 ns (Note 1) 
OE to output in low-Z toLz ) 0) ns 
Output enable overlap time too 1 1 ns 
Read cycle time tro 15 20 ns 
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AC Characteristics (cont) 


»PD46710A-12 pPD46710A-15 
Parameter Symbol "Min Max — Min Max Unit Test Conditions 
Write Operation 
Address hold time for ALEg and ALE, tAHLL 2 2 ns (Note 3) 
ALE setup time prior to end of write tales 2 2 ns 
ALE setup time to end of write taLew 17 17 ns 
Address latch enable pulse width tap 6 8 ns 
Address setup time tas 2 2 ns 
Address setup time for ALEg and ALE, tasLL 4 4 ns (Note 4) 
Address valid to end of write taw 12 15 ns 
Address latch enable hold time after write tawH 0 0 ns 
Latched chip enable to end of write tow 12 15 ns 
Data hold time tbH ¢) 0 ns (Note 8) 
Data valid to end of write tow 5 7 ns (Note 7) 
Output enable to end of write toEW ie) 0 ns (Note 6) 
Output disable to write enable topw 2 2 ns 
Write cycle time twe 12 15 ns 
Write pulse width twp 7 10 ns 
Write recovery time twr 2 3 ns 


Notes: 


(1) This transition is measured +200 mV from steady-state with the Figure 3. AC Test Conditions 
output load in figure 3. 


(2) Input pulse levels = 0.8 to 2.4 V; input pulse rise and fall times Input Pulse 
< 3 ns; see figure 3. (Rise and fall times < 3 ns) 


(8) taHn_L = 1.5 ns for Voo = +5 V 5%, Ta = 0 to 50°C. 
(4) tasLt = 3ns forVoo = +5 V +5%, Ta = 0 to 50°C. 
(5) tog = 4ns for Voc = +5 V £5%, Ta = 0 to 50°C. 


(6) OE,, WEm (n = 0 or1, m= Oor1) 
topew = Ons minatn zm 15V  Referencelevels 1.5V 
= 2nsminatn =m 


(7) tow = 4ns forVoco = +5 V £5%, Ta = 0 to 50°C. 
(8) toy = 0.5 ns for Veo = +5 V £5%, Ta = 0 to 50°C. 


1.5V  Referenceleves 1.5V 


Output Level 


Output Load 
+5 V 


480 Q 


Vss 


C_ = 30 pF (Including scope and test Jig) 
C_=5 pF for tc. z, toLz tonz twHz and tow 
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Timing Waveforms 


Read Cycle (LCE High) 


* Ag- Aig 





* 0 and 1 refer to memory arrays 0 and 1. 
Tt WEg and WE, are High. 
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Timing Waveforms (cont) 


Read Cycle (LCE = Address) 


* 0 and 1 refer to memory arrays 0 and 1. 
T WE and WE; are High. 
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Timing Waveforms (cont) 


Write Cycle (LCE = Address) 





* 0 and 1 refer to memory arrays 0 and 1. 
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NEC Electronics Inc. 


Description 


The uPD46741A is a high-performance BiCMOS static 
RAM organized as a 8192 x 20 bits x 2 and designed to 
be used as a high-speed cache memory. The 
UPD46741A integrates two 8192 x 20-bit SRAM cores 
with associated address latches and control signals 
that can be used to implement an instruction/data 
cache for 25- and 33-MHz VR3000™ RISC systems. 


Features 


Fast access time: 12 or 15 ns 

8192 x 20-bit x 2 organization 
On-chip address latches 

On-chip instruction/data caches 
Fully static read/write operation 
TTL-compatible inputs and outputs 
68-pin PLCC package 


OoOoodaouvdvuaoo og 


VR3000 is a trademark of NEC Corporation. 


Pin Configuration 


68-Pin PLCC 


uMPD46741A 
8192 x 20-Bit x 2 
Static BiCMOS RAM 


Ordering Information 
Output Enable 


Part Number Access Time Access Time Package 

uPD46741ALP-12 12 ns 4.5 ns 68-pin PLCC 
LP-15 15 ns 7 ns 

Pin Identification 

Symbol Function 

Ao - Ai2 Addresses 

ALEo and ALE, Address latch enable inputs 

Do - Dig Data inputs/outputs 

LCE and LCE Latch chip enable inputs 

OEp and OF; Output enable inputs 

WEp and WE, Write enable inputs 

Voc and Voca + 5-volt power supply 

Vsg and Vgsq Ground 

NC No connection 


uPD46741A 
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Block Diagram 


Read / 
Write 
Control 


Multiplexer ‘ 
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Functional Operation 


The pPD46741A integrates two 8K x 20 SRAM cores with 
associated address latches and control logic to be 
used as an instruction/data cache in a high-speed 
VR3000 RISC processor. In this system, the CPU ini- 
tiates a uPD46741A memory cycle by outputting an 
address to one of the two memory arrays. The signals 
on address lines Ap - Ayo are latched into the address 
latch of array 0 at the rising edge of ALE, while ALE, is 
inactive low. The CPU executes a read cycle on array 0 
and initiates the next memory operation. Memory 
array 1 is then accessed by latching the CPU address at 
the rising edge of ALE, with ALE inactive low. 


To read data from memory array 0, OE is driven active 
low while WEo, WE,, and OE2 remain inactive high. Data 
in memory array 1 is read by driving OE, low with OE, 
WEp, and WE, inactive high. 


The WE) and WE; signals control write cycles into each 
of the two memory arrays. Data is written into memory 
array 0 by driving write data on data lines Do - Dyg with 
WEp active low. In a similar manner, the WE, signal 
controls write cycles into memory array 1. 


Figure 1. 32K-Byte Cache System 


Tagi2 - Tag31 
Tag Po - Po , Tag V, Datag - Datars 
Data1g - Datag1 , Data Po - Pg 


Vr3000 





yuPD46741A 


The LCE and LCE latch chip enable signals provide a 
decoding function that can be used to increase the size 
of the VR3000 cache memory. A 32K-byte cache (figure 
1) can be implemented using three uPD46741As with 
LCE and LCE connected to Vcc and GND, respectively. 


Cache size can be increased to 64K bytes (figure 2) 
using two banks of three uPD46741As. In this case, 
address signal A;3 is used to decode the two 32kK-byte 
memory banks. LCE of the first bank is connected to 
address A;3 and LCE is connected to Voc. LCE of the 
second bank is connected to Ay3 with LCE grounded. 


uPD46741A 
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Figure 2. 64K-Byte Cache System 
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Tag Po - Pa , Tag V, Datag - Datais 
Dataig - Datag 1 , Data Po - Pg 
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Truth Table 





Function LCE LCE WE, WE; OE OE, Output 
Not selected L L X X X X High-Z 
Not selected L H X xX Xx Xx High-Z 
Not selected H H X X X X High-Z 
Read RAM array 0 data H L H H L H Read data 
Read RAM array 1 data H L H H H L Read data 
Output high-Z H L H H H H HIgh-Z 
(Note 1) H L H H L L High-Z 
Write data into RAM array 0 H L L H X X Write data 
Write data into RAM array 1 H L H L x X Write data 
Write same data into both RAM arrays. (Note 2) H L L L Xx xX Write data 
Notes: 

(1) Not recommended for use because of multiselection in the (8) X = don't care. 


multiplexer circuit. 


(2) Not recommended for use because of increasing ac power during 
write operation. 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input voltage, Vij -0.5to + 7.0 V 
Output voltage, Voyt -0.5to + 7.0V 
Operating temperature, Topr 0 to + 70°C 


Storage temperature, Tstg —55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


DC Characteristics 
Ta = Oto +70°C; Voo = +5.0V +10% 


pPD46741A 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high = Viy 2.2 Voo+ 03 V 
Input voltage, low = Vi ~0.5 * 0.8 Vv 
Ambient TA 0 +70 °C 


temperature 


*Vip = -2.0 V min for 20-ns maximum pulse. 


Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Voy = OV 


Parameter* Symbol Min Typ Max Unit 
Input capacitance Cin 6 pF 
Input/output capacitance Cyo 8 pF 


* These parameters are sampled and not 100% tested. 














Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ly -2 2 HA Vin = OV to Voc 
Output leakage current lLo -2 2 LA Vo = OV to Voc 
Operating supply current* . loca 300 mA Vo = open; Voc = max; f = 2ftrc 
Output voltage, low VoL 0.4 V lo. = 8MA; Voc = min 
Output voltage, high VoH 2.4 V lon = —4.0 mA; Vocg =: min 
* Applicable to two SRAM cores operating at maximum frequency. 
AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V 410% 

uPD46741A-12 pPD46741A-15 
Parameter Symbo! Min Max Min Max Unit Test Conditions 
Read Operation 
Address access time taa 12 15 ns 
Address hold time for ALEg and ALE, taHLL 2 2 ns (Note 3) 
Latched chip enable access time taLcE 12 15 ns 
ALE access time taLEA 1 14 1 17 ns 
Address latch enable pulse width tap 6 8 ns 
Address setup time for ALEg and ALE, taSLL 4 4 ns (Note 4) 
Latched chip enable to output in high-Z tonz 1 6 2 7 ns (Note 1) 
Latched chip enable to output in low-Z toLz 1 2 ns (Note 1) 
Output enable to output valid toe 4.5 6 ns (Note 5) 
Output hold from address change tou 3 3 ns 
OE to output in high-Z touz 0 4 *) 6 ns (Note 1) 
OE to output in low-Z toLz 0 ) ns 
Output enable overlap time too 1 1 ns 
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AC Characteristics (cont) 














. - pPD46741A-12 uPD46741A-15 

Parameter | | Symbol - Min Max Min Max Unit Test Conditions 
Read cycle time tro 15 20 ns 

Write Operation 
Address hold time for ALEp and ALE, tAHLL 2 2 ns 
ALE setup time prior to end of write taLES 2 2 ns 

ALE setup time to end of write taLEW 17 17 ns 

Address latch enable pulse width tap 6 8 ns 

Address setup time tas 2 2 ns 

Address setup time for ALEg and ALE, tASLL 4 4 ns 

Address valid to end of write taw 12 15 ns 

Address latch enable hold time after write tawH ¢) 0 ns 

Latched chip enable to end of write tow 15 15 ns 

Data hold time tou 0 0 ns (Note 8) 

Data valid to end of write tow ns (Note’7) 
Output enable to end of write toew 0 * ons (Note 6) . 
Output disable to write enable topw 2 2 ns . 

Write cycle time two 12 15 ns 

Write pulse width twp 7 10 ns 

Write recovery time twer 2 3 ns 





Notes: 


(1) This transition is measured +200 mV from steady-state with the Figure3. AC Test Conditions 


output load in figure 3. 


(2) Input pulse levels = 0.8 to 2.4 V; input pulse rise and fall times 
= 3 ns; see figure 3. 


(8) taHLtL = 1.5 ns for Vog = +5 V +5%, Ta = 0 to 50°C. 
(4) tasty = 3ns for Voc = +5 V +5%, Ta = 0 to 50°C. 
(5) top = 4nsforVoog = +5V £5%, Ta = Oto 50°C, 


(6) OE,, WEm (n = 0 or 1, m = Oor 1) 
togew = Ons minatn#m 
=e2nsminatn=m 


(7) tow = 4ns for Veg = +5 V +5%, Ta = 0 to 50°C. 
(8) too = 0.5 ns for Vog = +5 V +£5%, Ta = 0 to 50°C. 





Input Pulse 
(Rlse and fall times < 3 ns) 


1.5V -Referencelevels 15V 


Output Level 


15V Reference levels 1.5V 


Output Load 
+5 V 


480 Q 


Vss 


CL = 30 pF (including scope and test Jig) 
C_=5 pF for tc_z, toLz tonz twHz and tow 


N: E Cc uPD46741A 


Timing Waveforms 


Read Cycle (LCE High) 


* Ag-A42 


* 0 and 1 refer to memory arrays 0 and 1. 
t WEg and WE; are High. 
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Timing Waveforms (cont) 


Read Cycle (LCE = Address) 


* 0 and 1 refer to memory arrays 0 and 1. 
T WEo and WE; are High. 
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Timing Waveforms (cont) 


Write Cycle (LCE = Address) 


* 0 and 1 refer to memory arrays 0 and 1. 
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Standard Static RAMs 


Section 24 


Standard Static RAMs 
(See App Notes 50, 90-04.) 


uPD 
43256A 


43256B 


431000A 


434000 


MC-434000 


Org. Features 

32K x 8 85-ns; Output 24a 
enable 

32K x 8 55-ns; Output 24b 
enable 

128K x 8 70-ns; Output 24c 
enable, two chip 
enables 

512Kx8 55-ns; Output 24d 
enable 

512K x 8 Module; 85-ns; 24e 


Output enable 


Upcoming Products 


Description 
32K x 8 

32K x 8 

32K x 8 

32K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 9 


Device Number 

UPD43256A-10X, 12X 
UPD43256A-10Y, 12Y 
pUPD43256B-A12 

UPD43256B-B12 

UPD431000A-70X, 85X, 100X 
UPD431000A-70Y, 85Y, 100Y 
UPD431000B-55L/LL, 7OL/LL, 85L/LL 
uUPD431000B-B 10, B12 

uPD431003 


NEC 


Comments 

~25 to +85°C; speeds to 100 ns 
-40 to + 85°C; speeds to 100 ns 
3.0 to 5.5 V; 120-ns access time 
2.7 to 5.5 V; 120-ns access time 
—25 to + 85°C; speeds to 70 ns 
~40 to + 85°C; speeds to 70 ns 
Low power; speeds to 55 ns 
2.7 to 5.5 V; speeds to 100 ns 


Low power; speeds to 55 ns; two Chip Enables 


128K x 9 
512K x 8 


uPD431003-B10, B12 
uPD434000-B15 


2.7 to 5.5 V; speeds to 100 ns; two Chip Enables 


2.7 to 5.5 V; 150-ns access time; two Chip Enables 


NEC 


NEC Electronics Inc. 


Description 


The »PD43256A is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to make 
the »PD43256A a high-speed device that requires very 
low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. Data retention is 
guaranteed at a power supply voltage as low as 2 V. The 
p»PD43256A is available in standard 28-pin plastic DIP, 
28-pin plastic miniflat, or 32-pin plastic TSOP 
packaging. 


Features 


© Single +5-volt power supply 

QO Fully static operation—no clock or refreshing 
required 

TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

One CS pin and one OE pin for easy application 
Data retention of 2 V minimum 

Standard 28-pin plastic DIP and miniflat packaging 
Standard 32-pin plastic TSOP packaging 

(with either normal or reverse bent leads) 


ooo0oo0oan go 
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pPD43256A 
32,768 x 8-Bit 
Static CMOS RAM 


Pin Configurations 
28-Pin Plastic DIP or Miniflat 
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831H-6258A 


Pin Identification 


Symbol Function 

Ao - Ara Address inputs 

1/0; - Og Data inputs and outputs 
ts Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 
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Pin Configurations (cont) 
32-Pin Plastic TSOP (Normal Pinouts) 32-Pin Plastic TSOP (Reserve Pinouts) 


p»pPD43256A 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Lj 
—@-@ sr 90 ON OM POND = 
— © 


=o a 
- © 


cere aa ears 
oor © ND 
ro oe 9 
our ®© Db 


Suffix ~EJA In the package identifier Suffix -EKA in the package Identifier 
denotes normal pinout sequence. denotes reverse pinout sequence. 
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Ordering Information 


Catalog Part Number 


Access Time (max) 

















UPD43256AC-85L 85 ns 
C-10L 100 ns 
C-12L 120 ns 
C-15L 150 ns 
HPD43256AC-85LL 85 ns 
C-IOLL 100 ns 
C-12LL 120 ns 
C-15LL 150 ns 
UPD43256AGU-85L 85 ns 
GU-10L 100 ns 
GU-12L 120 ns 
GU-15L 150 ns 
uUPD43256AGU-85LL 85 ns 
GU-10LL 100 ns 
GU-12LL 120 ns 
GU-15LL 150 ns 
UPD43256AGX-10L 100 ns 
GX-12L 1200 ns 
UPD43256AGX-10LL 100 ns 
GX-12LL 120 ns 
UPD43256AGXM-10L 100 ns 
GXM-12L 1200 ns 
UPD43256AGXM-10LL 100 ns 
GXM-12LL 120 ns 


Data Retention Current (max) 
Ta = 0 to 70°C(max) 


50 pA 


20 uA 


50 uA 


20 pA 


50 pA 


20 pA 


50 pA 


20 uA 


pPD43256A 


Package 


28-pin plastic DIP(600 mil) 


28-pin plastic DIP(600 mil) 


28-pin plastic miniflat 


28-pin plastic miniflat 


32-pin plastic TSOP (normal pinouts) 


32-pin plastic TSOP (reverse pinouts) 
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Block Diagram 


Address 
Buffer 





Memory Cell 
Row Array 
Decoder 512 Rows 
64 x 8 Columns 


Sense/Switch 


Output 
Data 
Input Column 
Data Decoder Control 
Control 
Address 


Buffer 


Ag eee Ag Aig 
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MPD43256A 
Absolute Maximum Ratings Truth Table 
Supply voltage, Voc (Note 1) 0.510 +70V CS OE WE Function 0 lec 
Input voltage, Viy (Note 1) -0.5 to Vocg + 0.5V H X Xx Not selected High-Z Standby 
Output voltage, Vio (Note 1) -0.5 to Voc + 0.5V L H H Not selected High-Z Active 
Operating temperature, Topr Oto +70°C L L H Read Dout Active 
Storage temperature, Tstq ~§5 to +125°C L X L Write Din Active 
Power dissipation, Pp 1.0W Notes: 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) -3.0 V minimum (pulse width = 50 ns). 


Capacitance 
Ta = +25°C; f = 1 MHz; Vin and Voyy = OV 
Parameter Symbol Min Max Unit 
Input capacitance Cc 5 pF 
Input/output capacitance Cio 8 pF 
Notes: 
(1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ 
Input leakage current lu -1 
\/O leakage current lLo -1 
Operating supply current Iocay 

Ioca2 

Iccas 
Standby supply current Isp 

Ispi 0.002 
Output voltage, low Vo. 
Output voltage, high Von 24 

VoH2 Voc - 0.5 


(1) X = dont care. 


Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, low ViL -0.3 0.8 Vv 
(Note 1) 
Input voltage, high Vin 2.2 Voc + 05 V 
Ambient temperature Ta, 0 70 °C 
Notes: 
(1) —3.0 V minimum (pulse width = 50 ns). 
Max Unit Test Conditions 
1 pA Vin = OVtOVGcG 
1 pA Vyo = OV to Voc; CS = Vin or OE = Vin 
or WE < Vi_ 
45 mA CS s Vi, (min cycle); Io = 0 V (Note 1) 
10 mA CS = Vii lyo = OV 
10 mA CS s 0.2V; f = 1 MHz; lyo = OV; Vy = 0.2 V; 
Vin 2 Voc - 0.2 V 
3 ma CS = Vin 
0.1 mA TS = Voc - 0.2 V (Note 2) 
0.4 V lo = 2.1.mA 
Vv low = -1.0 mA 
Vv low = -0.1 mA 





Notes: 


(1) pPD43256A-10L/-10LL/-12L/-12LL = 40 mA (max). 
wPD43256A-15L/-15LL = 35 mA (max). 


(2) #PD43256AGX-10LL/-12LL = 50 4A (max). 


oO 





uPD43256A N: EC 


AC Characteristics (for L and LL Versions) 
TA = Oto +70°C; Voc = +5.0V + 10% 


_ pPD43256A-85 pPD43256A-10 pPD43256A-12 #PD43256A-15 








- Test 









































Parameter Symbol Min = Max Min Max Mins Max Min Max Unit Conditions 
Read Operation | . 

Read cycle time tac 85 100 120 150 ns 

Address access tan 85 100 120 150 ns. (Note 2) 
time 
Chip select tacs 85 100 120° : 150 ns (Note 2) 
access time | 
Output enable = tog , 40 50 60 70 ns (Note 2) 
to output valid . 

Output hold ton — 10 10 10 10 ns 

from address 

change 

Chip select to tcLz 10 10 10 10 ns ‘(Note 3) 
output in low-Z . 

Output enable. toz 5 5. 7. 5 5 ns ._—— (Note 8) 
to output in 

low-Z 

Chip select to tonz 30 35 40. 50 ns (Note 3) 
output In high-Z 

Output enable tonz 30 35 40 50 ns (Note 3) 
to output in 

high-Z 

Write Operation 

Write cycle time two 85 100 120 150 ns 

Chip select to tow 70 80 85 . 100 ns 

end of write . 

Address validto taw 70 80 85 100 ns 

end of write 

Address setup — tas 0 0 1) 0 ns 

time ~ 

Write pulse twe 65 70 70 90 | ns 

width ; 

Write recovery twr 5 5 5 5 ns 

time 

Data valid to tow 35 40 50 60 ns 

end of write 

Data hold time — toy 0 0 0 0 ns 

Write enable to twuz 30 35 40 . 50 ns (Note 3) 
output in high-Z 

- Output active tow 10 10 10 10 ns. (Note 3) 
from end of 
: Write 
Notes: 
(1) Input pulse levels = 0.8 to 2.2 V; input pulse rise and falltimes = (2) See figure 1 for output load. 
5 ns; timing reference levels = 1.5 V. (8) See figure 2 for output load. 
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Low Vcc Data Retention Characteristics 














Ta = Oto 70°C 

Parameter Symbol Min Typ Max Unit Test Conditions 

Data retention supply voltage Vocor 2.0 5.5 Vv CS = Voc -0.2V 

Data retention supply current IccDR 1 50 pA Voc = 3.0V; CS = Voc — 0.2 V (Notes 1, 2) 
Chip deselection to data retention tcpr 0 ns 

Operation recovery time ta tac ns 

Notes: 


(1) For wPD43256A-LL, IccpR = 20 nA (max) at Ta = 0 to 70°C and 
3 pA (max) at Ta = 0 to 40°C. 


(2) For wPD43256A-L, Iccpn = 15 4A (max) at Ta = 0 to 40°C. 
Data Retention Timing 


Data Retention 


5V 


45V—- —- — 
Voc 


ViqH — 
VCCDR ==> 


CcS2 Voc -0.2V 


[1] The other inputs (Addresses, OE, WE, I/Os) can be in a state of high impedance. 








pPD43256A NE C 


Figure 1. Output Load 


100 pF* 


| 


*Including scope and jig 
83IH-6306A 





Figure 2. Output Load for tc.z, to.z, tcnz, tonz. twuz, and tow 


“Including scope and jig 





83!H-6307A 


N: KE C uHPD43256A 


Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid OOO COECCes 
Notes: 


[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = OE = VIL: 





Chip Select Access Cycle 


Address 


High impedance 


Notes: 
[1] WE is high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of Cs. 











uPD43256A 





Timing Waveforms (cont) et 


WE-Controlled Write Cycle 


Wi 


Data-in Valid 
Le—tow 


High Impedance 


Data Undefined {Note 4] {Note 4] 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 
[2] CS or WE must be high during address transition. 

(3] If OE is high, the I/O pins remain in a state of high impedance. 


[4] During this period, the VO pins may be in the output state. 
Therefore, input signals of opposite phase must not be applied. 


83/H-6438B 





10 
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Timing Waveforms (cont) 





€S-Controlled Write Cycle 


Address Address Valid 


TW, MM 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and alow WE. 
[2] CS or WE must be high during address transition. 

[3] If OE is high, the I/O pins remain in a state of high impedance. 
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NEC 


NEC Electronics Inc. 


Description 


The uPD43256B is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to 
make the uPD43256B a high-speed device that requires 
very low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. Data retention 
is guaranteed at a power supply voltage as low as 2 V. 
The uPD43256B is available in standard 28-pin plastic 
DIP and 28-pin plastic miniflat. 


Features 


Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

One CS pin and one OE pin for easy application 
Data retention of 2 V minimum 

Standard 28-pin plastic DIP and miniflat packaging 
Fast access time of 55 ns 


OoBooaodaoaw ao 


Ordering Information 


Access 
Part Number Time (max) Package 
HPD43256BCZ-55L 55 ns 28-pin plastic DIP 
C2-70L 70 ns 
CZ-85L 85 ns 
uUPD43256BCZ-55LL 55 ns 
CZ-70LL 70 ns 
CZ-85LL 85 ns 
UPD43256BGU-55L 55 ns 28-pin plastic miniflat 
GU-70L 70 ns 
GU-85L 85 ns 
uUPD43256BGU-55LL 55 ns 
GU-70LL 70 ns 
GU-85LL 85 ns 


60117-1 





pPD43256B 
32,768 x 8-Bit 
Static CMOS RAM 


Pin Configuration 


28-Pin Plastic DIP or Miniflat 


uPD43256B 


Pin identification 


Symbol Function 

Ag - A414 Address inputs 

VO, - Og Data inputs and outputs 
cs Chip select 

Pin Identification 

Symbol Function 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 
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Block Diagram 


Memory Cell 
Array 
512 Rows 
64 x 8 Columns 


vo 
e 
e 
e 
e 
e 
e 

vo 


a 


Ag eee Ag Aig 





NEC 


Absolute Maximum Ratings 
Supply voltage, Vec (Note 1) -0.5 to +7.0V 
-0.5to Voc + 0.5V 


~-0.5 to Veco + 0.5V 


Input voltage, Vin (Note 1) 
Output voltage, Vio (Note 1) 


Operating temperature, Topp 0 to + 70°C 
Storage temperature, TsTg —55 to + 125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


pPD43256B 
Truth Table 
CS OE WE Function Te) lec 
H X xX Not selected High-Z Standby 
L H H Outputs disabled High-Z Active 
L L H Read Dout Active 
L X L Write Din Active 
Notes: 


(1) X = don't care. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Notes: ct a em TaN PN cer Ta IE 
Supply voltage Voc 45. 5.0 5.5 Vv 
(1) -3.0V minimum (pulse width = 50 ns). Stee ee ee 
Input voltage, low VIL -0.3 0.8 Vv 
i Note 1 
Capacitance ey 
Ta = +25°C; f = 1 MHz; Vin and Vout = OV Input voltage, high ViH 2.2 Veo + 05 V 
Parameter Symbol Min Max Unit Ambient temperature Ta 0 70 °C 
Input capacitance Cc; 5 pF Notes: 
input/output capacitance Cyo 8 pF (1) -3.0V minimum (pulse width = 50 ns). 
Notes: 
(1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current lu -1 1 pA Vin = OVtoVec 
VO leakage current lLo -1 1 LA Vyo = OV to Voc; CS = Vip or OE = Viy 
or WE < Vit 
Operating supply current locat 50 mA CS < Vi, (min cycle); lyo = OV (Note 1) 
loca2 10 mA CS = Vit; lyo = OV 
locaa 10 mA CS < 0.2V;f = 1 MHz; lyo = OV; 
Vit <= 0.2V; Vip = Voc -0.2V 
Standby supply current Isp 3 mA CS = Vin 
IsB4 0.002 0.1 yA CS = Voc - 0.2 V (Note 2) 
Output voltage, low VoL 0.4 V lol = 21mA 
Output voltage, high Vou 2.4 loy = -1.0mA 
VoH2 Voo~- 0.5 lon = -0.1 mA 


Notes: 
(1) -70 and -85 = 45 mA (max). 
(2) -LL = 0.001 (typ) and 0.05 (max). 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V + 10% 


uPD43256B-55  pPD43256B-70 PD43256B-85 





Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 

Read cycle time tro 55 70 85 ns 
Address access time taA 55 70 85 ns 
Chip select access time tacs 55 70 85 ns 
Output enable to output valid tog 30 35 40 ns 
Output hold from address change tou 10 10 10 ns 
Chip select to output in low-Z toLz 10 10 10 ns 
Output enable to output in low-Z toLz 5 5 5 ns 
Chip select to output in high-Z tcoHz 30 30 30 ns 
Output enable to output in high-Z tonz 30 30 30 ns 


Write Operation 


Write cycle time two 55 70 85 ns 
Chip select to end of write tow 50 60 70 ns 
Address valid to end of write taw 50 60 70 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 45 55 65 ns 
Write recovery time twr 5 5 5 ns 
Data valid to end of write tow 30 30 35 ns 
Data hold time ton 0 0 0 ns 
Write enable to output in high-Z twuz 30 30 30 ns 
Output active from end of write tow 10 10 10 ns 
Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input pulse rise and fall times = 
5 ns; timing reference levels = 1.5V. 


(2) Output loads: 


C,_ = 100 pF (including scope and test jig) 
CO. = 5 pF for toyz, to_z tonz toLz tow and twHz 





NEC 


Low Vcc Data Retention Characteristics 


Ta = 0 to 70°C 

Parameter Symbol Min Typ Max 
Data retention supply voltage Vecpr 2.0 5.5 

Data retention supply current locpR 1 50 

Chip deselection to data retention topr 0 

Operation recovery time tr tro 

Notes: 


(1) At 0 to 40°C, the maximum for Iocpr is 15 WA for the -L version 
and 3y A for the -LL version. 


Data Retention Timing 


Data Retention 


CS= Vcc-0.2V 


[1] The other inputs (Addresses, OE, WE, /Os) can be In a state of high Impedance. 


Unit 


HA 
ns 


ns 


pPD43256B 


Test Conditions 
CS = Veco -0.2V 
Voc = 3.0V; CS = Voc - 0.2 V (Note 1) 
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Timing Waveforms 


Address Access Cycle 


Address Valid 


DouT Previous Data Valid /\ OX OOOO 


Notes: 
[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS = OE = V1. 





Chip Select Access Cycle 


Address Valid 


High Impedance 


DouT 


Notes: 
[1] WE Is high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


ANY LLL 


Data-in Valid 
= tow 


High im 
DouT Data Undefined [Note 4] o Wheto [Note 4] 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 
[2] CS or WE must be high during address transition. 

[3] If OE Is high, the /O pins remain in a state of high Impedance. 


[4] During this period, the VO pins may be in the output state. 
Therefore, Input signals of opposite phase must not be applied. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address Valid 


R 
H 


TW. TTT. 


Data-in Valid 


High Impedance 
Dout 


Notes: 

[1] A write cycle occurs during the overlap of a iow CS and alow WE. 
[2] CS or WE must.be high during address transition. 

[8] If OE Is high, the /O pins remain In a state of high impedance. 





NEC 


NEC Electronics Inc. 


Description 


The UPD431000A is a 131,072-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD431000A a high- 
speed device that requires very low power and no clock 
or refreshing. 


Minimum standby power is drawn when CEz is low, 
independent of the other inputs’ levels. Data retention 
is guaranteed at a power supply voltage as low as 2 
volts. The uPD431000A is available in standard 32-pin 
plastic DIP, 32-pin plastic miniflat, and 32-pin plastic 
TSOP packaging. 


Features 


131,072-word by 8-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

Two CE pins and one OE pin for easy application 
Data retention current of 0.5 pA typical 

Data retention voltage of 2 V minimum 

Standard 32-pin plastic DIP, miniflat, and TSOP 
packaging 


ooaagcandnaAa oo 


Pin Identification 


Symbol Function 

Ao - Aig Address inputs 

Og - O07 Data inputs/outputs 
CE, and CE Chip enables 1 and 2 
OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


NC No connection 


60129-2 





pPD431000A 
131,072 x 8-Bit 
Static CMOS RAM 


Pin Configurations 


32-Pin Plastic DIP or Minitflat 


< 
J 
S 
S 
= 
i) 
vt 
(=) 
a 
a 
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Pin Configurations (cont) 





32-Pin Plastic TSOP (Normal Pinouts) 32-Pin Plastic TSOP (Reverse Pinouts) 


pPD431000A »PD431000A 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 


Suffix —KJH in the package Identifier Suffix -KKH In the package Identifier 
denotes normal pinout sequence. denotes reverse pinout sequence. 
83FM-9107A 
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Block Diagram 





Row 
Address 
Buffer 


Row 
Decoder 





Absolute Maximum Ratings 
Supply voltage, Voc (Note 1) -0.5 to +7.0V 
-0.5 to Veco + 0.5V 


-0.5 to Vog + :0.5V 


Input voltage, Vin (Note 1) 
Output voltage, Vio (Note 1) 


Operating temperature, Topr 0 to +70°C 
Storage temperature, Tgtg —-55 to + 125°C 
Power dissipation, Pp 1.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Notes: 


(1) -3.0V minimum (pulse width = 50 ns). 


Capacitance 
Ta = +25°C; f = 1 MHz; Vin and Vout = OV 
Parameter Min Max = _ Unit 


Symbol Typ 


Input capacitance Cc 6 pF 
Input/output capacitance Cyo 10 pF 
Notes: 


(1) This parameter is sampled and not 100% tested. 


Column 
Decoder 


pPD431000A 


Memory Cell 
Array 
512 Rows 
256 x 8 
Columns 


Sense Switch | | 
Output 
Data 


Buffer 


Column 
Address 
Buffer 


Ag..-.A41,A13-.»-A16 


831H-5742B 





Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 V 
Input voltage, low Vit -0.3 0.8 V 
Input voltage, high Vin 2.2 Voc + 0.5 V 
Ambient temperature Ta 0 70 °C 
Notes: 

(1) -3.0V minimum (pulse width = 50 ns). 

Truth Table 

Function CE, CE, OF WE Me) lec 
Not selected H x Xx X High-Z Standby 
Not selected X L X X High-Z Standby 
Selected L H H H High-Z Active 
Read L H L H Dout Active 
Write L H X L Din Active 
Notes: 


(1) X = don't care. 


icy 
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Ordering Information 
Catalog Part Number 


Access Time (max) isp; (max) Package 


70 ns 


NEC 


0.1 mA 32-pin plastic DIP 


yPD431000ACZ-70L 
CZ-85L 
CZ-AOL 

uPD431000ACZ-70LL 
CZ-85LL 
CZ-10LL 

UPD431000AGW-70L 


85 ns 
100 ns 
70 ns 
85 ns 
100 ns 
70 ns 


GW-85L 


GW-10L 


85 ns 
100 ns 


UPD431000AGW-7OLL 


GW-85LL 
GW-10LL 
UPD431000AGZ-70L 
GZ-85L 
GZ-10L 


70 ns 
85 ns 
100 ns 
70 ns 
85 ns 





100 ns 


0.05 mA 

0.1 mA 32-pin plastic miniflat 
0.05 mA 

0.1 mA 32-pin plastic TSOP 


(normal pinouts) 


UPD431000AGZ-70LL 


70 ns 


GZ-85LL 


GZ-10LL 
UPD431000AGZM-70L 

GZN-85L 

GZM-10L 


85 ns 
100 ns 
70 ns 
85 ns 
100 ns 


UPD431000AGZM-70LL 


GZN-85LL 


70 ns 
85 ns 


GZM-10LL 


DC Characteristics 


100 ns 


Ta = Oto +70°C; Vog = +5.0V + 10% 


-L Version 


Min Typ 


-LL Version 


Max Min Typ 


Max 


Unit 


0.05 mA 
0.1 mA 32-pin plastic TSOP. 
(reverse pinouts) 
0.05 mA 
Test Conditions 


Parameter Symbol 


Input leakage current lu 
VO leakage current lLo 


Operating supply current !oca4 


-1 
-1 


40 


1 
1 


70 


-1 
-1 


40 


1 
1 


70 


HA 
HA 


mA 


mA 


VIN = OV to Voc 

Vo = OV to Veo; CEy = Vin, or CEo = Vi, 
or OE = Vip, or WE = Vi- 

CE, = Viti CEo = Vin tro = tre (min); 
lyo = OMA 


CE; = Vit; CEp = Vin; yo = OMA 


locae 
locas 


mA 


Voe1 = 0.2 V; Voge 2 Voc ~0.2V; tro or two 


Standby supply current Isp 


IsB4 
IsB2 
Output voltage, low VoL 


0,002 
0.002 


2.4 


0.1 
0.1 
0.4 


0.001 
0.001 


2.4 


0.05 
0.05 
0.4 


mA 
mA 
mA 


= 1 MHz; Vin s 0.2V or Vin = Voc -0.2V 
CE, = Vip or CE = Viz (Note 1) 

CE; and CEa = Vog ~ 0.2 V (Note 2) 

CE» < 0.2 V (Note 2) 

lol = 2.1mA 

lon = -1.0mA 


Output voltage, high VoH A 


NEC pPD431000A 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 


pPD431000A-70 »PD431000A-85 #PD431000A-10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 


Read Operation 


Read cycle time tro 70 85 100 ns 

Address access time taa 70 85 100 ns (Note 2) 
CE, access time tco1 70 85 100 ns ___ (Note 2) 
CEp access time tco2 70 85 100 ns (Note 2) 
Output enable to output valid toe 35 45 50 ns (Note 2) 
Output hold from address change — toy 10 10 10 ns 

CE, to output in low-Z tLz4 10 10 10 ns (Note 3) 
CE to output in low-Z tLz2 10 10 10 ns (Note 3) 
Output enable to output in low-Z toLz 5 5 5 ns (Note 3) 
CE; to output in high-Z tyz1 25 30 35 ns __ (Note 3) 
CEp to output in high-Z tuza 25 30 35 ns (Note 3) 
Output enable to output in high-Z tonHz 25 30 35 ns (Note 3) 





Write Operation 


Write cycle time two 70 85 100 ns 

CE, to end of write tow 55 70 85 ns 

CEs to end of write towe 55 70 85 ns 

Address valid to end of write taw 55 70 85 ns 

Address setup time tas ie) 0 0 ns 

Write pulse width twp 50 60 70 ns 

Write recovery time twR 5 5 5 ns 

Data valid to end of write tow 35 35 40 ns 

Data hold time tou 0 0 0 ns 

Write enable to output in high-Z twHz 25 30 35 ns (Note 3) 
Output active from end of write tow 5 5 5 ns (Note 3) 
Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input rise and falltimes = 5 ns; (2) See figure 1 for output loading. 


timing reference levels = 1.5. (3) See figure 2 for output loading. 
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Figure 1. Output Loading 


*Including scope and jig 





831H-5743B 


Figure 2. Output Loading for tyz}, tuz2, t.z1, t.z2, torz, tonz, tow, and twuz 


*Including scope and jig 
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Low Vcc Data Retention Characteristics 
Ta = Oto +70°C 


~L Version -LL Version 
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions . 
Data retention supply voltage Vocopri 2 5.5 2 5.5 V CE; = Voc — 0.2 V; CEp 2 Voc - 0.2V 
or CEs = 0.2V 
Vecpre 2 55 2 55 V  CE.<02V 
Data retention supply current locpri 1 50 05 20 pA Voc= 3.0V; CEy = Voco-0.2V; 
CEs = Voc - 0.2V or CEo = 0.2 V (Note 1) 
locpre 1 50 0.5 20 UA Voc = 3.0V; CEo s 0.2 V (Note 1) 
Chip deselection to data retention topr 0 0 ns 
Operation recovery time tr 5 5 ms 


Notes: 


(1) AtO to 40°C, the maximum for IogpR, and Iocpre is 15 HA for the 
-L version and 3 yA for the -LL version. 


N: KE Cc pPD431000A 


Figure 3. CE,-Controlled Data Retention Timing 





Data Retention 


VGE12Vcc ~ 0.2V 


[1] CE2 must be equal to or higher than VCC - 0.2 V, or equal to or lower than 0.2 V. 


The other Inputs (Addresses, OE, WE, I/Os) can be in high impedance. 
831H-5749B 





Figure 4. CE2-Controlled Data Retention Timing 


Data Retention 


VCE2 < 0.2V 


{1] The other inputs (Addresses, CEy, OE, WE, VOs) can be in high impedance. 
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Timing Waveforms 





Read Cycle 


Address 


——— et avis 
( Data Valid 
AAS 


Notes: 
[1] WE is high for a read cycle. 


[2] Address valid prior to or coincident with the latter of the low transition of CE, 
or the high transition of CE2. 


831H-5745B 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


Address 


aa 
LLP AU 


taw 
twR 


AK 


; 'DH 
DW 


Data-in Valid 
Lene = 


High Impedance 
Data Undefined (Note 4) S - 


Notes: 

{1] A write cycle occurs during the overlap of a low CE and WE and a high CEo. 
[2] CE4 or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the VO pins remain in high Impedance. 


[4] During this period, the /O pins may be in the output state; therefore, input signals of 
opposite phase to the output must not be applied. 


831H-5746B 
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Timing Waveforms (cont) 


CE,-Controlled Write Cycle 


Address 


wl 
= MLL LS | AI 
Jp 


taw 
twp im twR 


t 
tow —-—> eu 


Data-in Valid 


High Impedance 


Notes: 

{1] A write cycle occurs during the overlap of a low CE} and WEanda high CEo. 
[2] CE or WE must be high or CE2 must be low during address transition. 

[3] If OE Is high, the /O pins remain in high impedance. 
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Timing Waveforms (cont) 


CE2-Controlled Write Cycle 


% \\ WUMMUMLLLLLLL 


TAS 


- 


Me 


7 WALLLLLLLLLLLLLLLLLLL 


tpH 
tpw 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CE qand WE anda high CEo. 
[2] CE or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the /O pins remain in high impedance. 
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NEC 


NEC Electronics Inc. 


Description 


The uPD434000 is a 524,288-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with thin-film transistor (TFT) loads make the 
UPD434000 a high-speed device that requires very low 
power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of OE and WE. Data retention is guaran- 
teed at a power supply voltage as low as 2 volts. 


The uPD434000 is available in standard 32-pin DIP, SOP, 
and TSOP plastic packaging. 


Features 


524,288-word by 8-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/O using three-state outputs _ 

Chip select (CS) and output enable (OE) inputs for 
easy application 

Data retention current of 0.5 pA typical 

Data retention voltage of 2V minimum 

QO Packages: 32-pin plastic DIP, SOP, and TSOP 
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uPD434000 
524,288 x 8-Bit 
Static CMOS RAM 


Pin Identification 





Symbol Function 

Ao - Aig Address inputs 

YO, - VOg Data inputs/outputs 
cs Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Vee +5-volt power supply 
NC No connection 


Pin Configurations 


32-Pin Plastic DIP or SOP 
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Pin Configurations (cont) 





32-Pin Plastic TSOP (Normal Pinouts) 32-Pin Plastic TSOP (Reverse Pinouts) 








Suffix -7JD In the package identifier Suffix -7KD in the package Identifier 


denotes norma! pinout sequence. denotes normal pinout sequence. 
83FM-8818A 








Block Diagram 





N: EE C pPD434000 


Ordering Information 





Part Number Access Time (max) Standby Supply Current Package 
UPD434000CZ-55 55 ns 2mA 32-pin plastic DIP 
C2-70 70 ns 
CZ-85 85 ns 
CZ-10 100 ns 
UPD434000C2Z-55L 55 ns 0.1 mA 
C2-70L 70 ns 
C2-85L 85 ns 
CZ-10L 100 ns 
uPD434000CZ-55LL 55 ns 0.05 mA 
CZ-70LL 70 ns 
CZ-85LL 85 ns 
C2-10LL 100 ns 
uUPD434000GW-55 55 ns 2mA 32-pin plastic SOP 
GW-70 70 ns 
GW-85 85 ns 
GW-10 100 ns 
uPD434000GW-55L 55 ns 0.1 mA 
GW-70L 70 ns 
GW-85L 85 ns 
GW-10L 100 ns 
uPD434000GW-55LL 55 ns 0.05 mA 
GW-70LL 70 ns 
GW-85LL 85 ns 
GW-10LL 100 ns 
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Ordering Information (cont) 


Part Number Access Time (max) Standby Supply Current Package 
UPD434000G5-55 55 ns 2mA 32-pin plastic TSOP 
6-70 © 7, ic. ne (normal! pinouts) 
G5-85 85 ns 
-  G@5-10 . 100 ns 
HPD434000G5-55L \ 55 ns 0.1 mA 
G5-70L 70 ns 
G5-85L 85 ns 
G5-10L 100 ns 
uUPD434000G5-55LL 55 ns 0.05 mA 
G5-70LL 70 ns 
G5-85LL 85 ns 
G5-10LL 100 ns 
UPD434000G5N-55 55 ns 2mA 32-pin plastic TSOP 
G5M-70 = - 70 ns = (reverse pinouts) 
G5M-85 85 ns 
G5M-10 100 ns 
uUPD434000G5M-55L 55 ns 
G5M-70L 70 ns 0.1 mA 
G5M-85L 85 ns 
G5M-10L 100 ns 
UPD434000G5M-55LL 55 ns 
G5M-70LL 70 ns 0.05 mA 
G5M-85LL 85 ns 
GS5M-10LL 100 ns 


NEC 


Absolute Maximum Ratings 


yuPD434000 


Recommended Operating Conditions 








Supply voltage, Voc (Note 1) -0.5 to +7.0V Parameter Symbol Min Typ Max Unit 
Input voltage, Vin (Note 1) -0.5 to Voc + 0.5 V Supply voltage Voc 4.5 5.0 5.5 Vv 
Output voltage, Vio (Note 1) -0.5 toVoo + O5V Input voltage, low Vit -0.3 0.8 V 
Operating temperature, Topr 0 to + 70°C Input voltage, high Vin 2.2 Voc + 0.3 V 
Storage temperature, Tstg ~55 to + 125°C Ambient temperature Ta 0 70 °C 
Power dissipation, Pp 1.0W Note: 
Exposure to Absolute Maximum Ratings for extended periods may (1) -3.0V minimum (pulse width = 30 ns). 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits Truth Table 
specified under DC and AC Characteristics. Function cs OE WE vO ies 
Note: 
Not selected H X X High-Z Standby 
(1) —3.0V minimum (pulse width = 30 ns). , ; ; 
Dout disabled L H H High-Z Active 
Capacitance Read L L H Dour Active 
Ta = + 25°C: f= 1 MHz; VIN and VouT = OV Write L X L Din Active 
Parameter t Symbol Min Typ Max _ Unit 
SA AEN i ee EB ces EI, X = don't care. 
Input capacitance C; 6 pF 
Input/output capacitance Cio 10 pF 
t Parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V +10% 
pPD434000 pPD434000-L pPD434000-LL 
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit Test Conditions 
Input leakage Iu -1 1 -1 1 -1 1 UA Vin = OV to Voc 
current 
/O leakage current lo -1 1 -1 1 -1 1 HA Wyo = OV to Voc; OE = 
Vin or WE = Vy or CS = 
ViH 
Operating supply Iocao 15 15 15 mA lyo = OmA; CS = Vip 
euient sens 15 15 15 mA. COS < 0.2 Vi tao = Tus; 
Vit = 0.2 V; 
Vin = Veco -02V; 
yo = OMA 
Standby supply Isp 5 3 3 mA CS= Vin 
SHEE Isat 0.02 2 0.002 0.1 0.001 0.05 mA CS2 Voc-0.2V 
Output voltage, VoL 0.4 0.4 0.4 VV slo, = 2.1 mA 
low 
Output voltage, Vou1 2.4 2.4 2.4 Vi olon = -1.0mA 
high 
9 VoH2 Voc- Voec- Voc - Vv lon = —0.1 mA 
0.5 0.5 0.5 
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AC Characteristics 
Ta = O to + 70°C; Vog = +5.0V £10%; see figure 1 for ac test conditions. 











-55 -70 -85 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating supply current locat 70 65 . 60 55 mA CS = Viti tac = tre 
(min); lyo = OmA 
Address access time taa 55 70 85 100 ns 
CS access time tacs 55 ' 70 85 100 ns 
Address setup time tas 0 0 .0 0 ns 
Address valid to end of taw 50 60 70 80 ns 
write 
CS to output in high-Z tonz 25 30 30 35 ns 
CS to output in low-Z teLz 10 10 10 10 ns 
GS to end of write tow 50 60 70 80 ns 
Data hold time too 0 0 0 0 ns 
Data valid to end of write — tow 30 35 35 40 ns 
Output enable to output toe 30 35 45 50 ns 
valid 
Output hold from address —s toy 10 10 10 10 ns 
change 
Output enable to output tonz 25 30 30 35 ns 
in high-Z 
Output enable to output toLz 5 5 5 5 ns 
in low-Z 
Output active from end tow 5 5 5 5° ns 
of write 
Read cycle time tro 55 70 85 100 ns 
Write cycle time two 55 70 85 100 ns 
Write enable to output in twuz 25 30 30 35 ns 
high-Z 
Write pulse width twp 45 55 65 70 ns 
Write recovery time twr 5 5 5 5 ns 
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Low Vcc Data Retention Characteristics 
Ta = 0 to +70°C; see figure 2 for timing diagram. 











-L Version -LL Version 
Parameter Symbol Min Typ Max Min Typ Max _ Unit Test Conditions 
Data retention supply voltage Vocpri 2 5.5 2 5.5 Vv CS = Voc -0.2V 
Data retention supply current t locpri 1 50 0.5 20 UA Veco = 3.0V; CS = Voco -0.2V 
Chip deselection to data retention tcpor 0 0 ns 
Operation recovery time tr 5 5 ms 


t AtO to 40°C, the maximum for Iocgpp; is 15 WA for the -L version and 
3 YA for the -LL version. 


Figure 1. AC Test Conditions 


Input Pulse 
(Rise and fall times = 5 ns) 


1.5V  Referencelevels 1.5V 


Output Load 
+5V 


Cy = 100 pF (including scope and test Jig) 
C_ =5 pF for tcnz, teLz, toHz toLz, tow, and twHz 





Figure 2. Data Retention Timing 


Data Retention 


5V 
45V -— — 

Voc 
vn 
VecpR — — — 


CS2Voc-0.2V 
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Timing Waveforms 


Read Cycle 


High impedance 


Notes: 
[1] WE Is high for a read cycle. 


NEC 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


AYO WILMA. 


twr 


toH 


Races 


Lenn ia 


High Im 


Data Undefined (Note 2) 


Notes: 

[1] If OE Is high, the /O pins remain In high Impedance. 

[2] During this period, the I/O pins may be In the output state; therefore, Input signals of 
opposite phase to the output must not be applied. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Data-in Valid 


DOUT 


Notes: 
[1] 1f OE Is high, the VO pins remain in high impedance. 
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NEC MC-434000 
524,288 x 8-Bit 
NEC Electronics Inc. Static CMOS RAM Module 


Advance Information 


Description Pin Configuration 


The MC-434000 is a high-density 4M static RAM module —_39,_ pin Ceramic or Plastic (FR-4) DIP 
with four 128K x 8-bit SRAMs and one decoder circuit. 
The module is compatible with the future 4M monolithic 
SRAM—with TTL-compatible inputs and outputs and 
fully asynchronous circuitry that requires no clocks or 
refreshing and provides equal access and cycle times 
for ease of use. 


The MC-434000 operates from a +5-volt power supply 
and is available in a standard 600-mil, 32-pin ceramic 
DIP or a JEDEC-type 32-pin plastic (FR-4) DIP. 





Features 

O 524,288-word by 8-bit organization 

O Single +5-volt power supply 

O Fully static operation—no clocks or refreshing 

O TTL-compatible inputs and outputs 

QO Common 1/0 using three-state outputs 

O One CS pin and one OE pin for easy application 
QO 32-pin ceramic and plastic (FR-4) DIP packaging 


Ordering Information 
Catalog PartNumber Access Time (max) Package 


Pin Identification 
Symbol Function 


Ao - Aig Address inputs MC-434000D-85 SMS 32-pin ceramic DIP 
VO, - Og Data inputs/outputs D-10 100 ns 

cs Chip select MC-434000E-85 BSS «S82 plastic 

Valo E-10 100 ns (FR-4) DIP 

OE Output enable 

WE Write enable 

GND Ground 


Voc +5-volt power supply 


60245-1 
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Block Diagram 


AgAt6 © 


Ai7 ° 
Aig ° 





62FM-8907B 


NEC 


Absolute Maximum Ratings 
Supply voltage, Voc (Note 1) 

Input voltage, Vij (Note 1) 

Output voltage, Vio (Note 1) 
Operating temperature, Topp 

Storage temperature, TsTg 


Power dissipation, Pp 


-0.5 to +7.0V 

-0.5 to Veg + 0.5V 
-0.5 to Vog + 0.5V 
0 to +70°C 

-55 to + 125°C 
1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


specified under DC and AC Characteristics. 


Note: 


(1) -3.0V minimum (pulse width = 30 ns). 


Capacitance 

Ta = +25°C; f = 1 MHz; Vin and VouT =OV 
Parameter Symbol Max Unit 
Input Cin 45 pF 
capacitance 

input/output Cro 50 pF 


capacitance 


Pins 
Ao - Aig, WE, OE, CS 


04 - YOx 


Note: Capacitance is sampled and not 100% tested. 


DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 


Parameter Symbol 
Input leakage current ley 
/O leakage current ILo 
Operating supply current loca 
loca2 
locas 
Standby supply current Isp 
Ispt 
Output voltage, low VoL 
Output voltage, high VoH 


Min Typ 
48 
19 
2.4 


MC-434000 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, low Vit ~0.3 0.8 V 
Input voltage, high Vin 2.2 Voc + 0.5 Vv 
Ambient temperature Ta 0 70 °C 
Note: - 3.0 V minimum (pulse width = 30 ns). 

Truth Table 

Function cs OE WE 0 lec 
Not selected H X X High-Z Standby 
Selected L H H High-Z Active 
Read L L H DouT Active 
Write L X L Din Active 


X = don't care. 


Max Unit Test Conditions 
2 LA Vin = OV to Voc 
2 MA Vyo = OV to Voc; CST = Viy or OE = Vy or 
WE = Vip 
89 mA CS1 = Vii tro = tro (min); 
lwo = OmA 
46 mA CST = Viti lyo = OMA 
36 mA CS s 0.2V; tae or two = 1 MHz; Viy s 0.2V 
or Vin = Voc - 0.2V 
12 mA CSI = Viy (Note 1) 
400 LA CS = Voc - 0.2 V (Note 2) 
0.4 Vv lol = 2.1mA 
lon = —1.0 mA 
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AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 

















MC-434000-85 MC-434000 -10 

Parameter Symbol Min Max Min Max Unit 
Read Operation 

Read cycle time tro 85 100 ns 
Address access time taa 85 100 ns 
CS access time tco 85 100 ns 
Output enable to output valid toe 35 . 45 ns 
Output hold from address change ton 10 10 ns 
CS to output in fow-Z tLz 10 10 ns 
Output enable to output in low-Z toLz 5 5 ns 
CS to output in high-Z tyz 25 30 ns 
Output enable to output in high-Z tonz 20 30 ns 
Write Operation 

Write cycle time twe 85 100 ns 
CS to end of write tow 75 90 ns 
Address valid to end of write taw 75 90 ns 
Address setup time tas 0 0 ns 
Write pulse width twp 65 75 _ ns 
Write recovery time twr 5 5 ns 
Data valid to end of write tow 35 40 ns 
Data hold time toH 0 0 ns 
Write enable to output in high-Z twuz 30 35 ns 
Output active from end of write tow 5 5 ns 





Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input rise and fall times = 5 ns; 
timing reference levels = 1.5V. 


(2) See figure 1 for output load. 


& 
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Figure 1. Output Load 


CL = 100 pF (including scope and test Jig) 
C_=5 pF for tonz, toLz, tow, and twHz 





Low-Vcc Data Retention Characteristics 
Ta = Oto +70°C 


Parameter Symbol Min Typ Max Unit Test Conditions 

Data retention supply voltage Vocpr 2 5.5 V CST = Voc -0.2V 

Data retention supply current locprR 4 200 LA Voc = 3.0V; CS = Voc -0.2V 
Chip deselection to data retention tcpr 0 ns 

Operation recovery time tr 5 ms 


Figure 2. CS-Controlled Data Retention Timing 


Data Retention 
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Timing Waveforms - 


Read Cycle 


High impedance 


Notes: 
(1] WE Is high for a read cycle. = 
{2] Address valid prior to or coincident with the latter of the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


& ae 
we Y\\t 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


tas-—> 


ae j 


twp 


7 ALLL 


t 
tow DH 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and low WE. 
[2] CS or WE must be high during address transition. 

[3] If OE Is high, the VO pins remain In high Impedance. 
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Package Drawings 


32-Pin Ceramic DIP 


Millimeters inches 
43.053 + .127 1.7 + 0.01 
14.99 + .254 59+ 0.10 
9.78 max .085 max 
0.254 + .127 010 + .005 
2.54 [TP] -100 [TP] 
0.508 + .127 .02 + .005 
1.27 + .381 05 + .015 
10.287 max .405 max 
3.81 + .635 -15 + 025 
0.254 + .076 01 + .003 
15.37 + .381 605 + .015 


A 
B 
Cc 
D 
E 
F 
G 
H 
t 
J 
K 





32-Pin Plastic (FR-4) DIP 


§ 


Millimeters Inches 
53.47 +0.13 2.105 + .005 

15.24 600 

2.54 [TP] -100 [TP} 
0.47 + 0.12 .019 + .005 

1.02 040 

5.84 max .230 max 

2.54 min -160 min 

7.62 300 

0.38 min .015 min 
0.28 + 0.08 011 + .003 


cl—{ZTIOlniMjoOjO;wl> 








eaaiiel NV. E Cc 









ECL RAMs 


10K Interface 25 





Application Notes 


Package Drawings 





ECL RAMs (10K Interface) 


Section 25 


ECL RAMs (10K Interface) 


pPB 
10422 
10470" 
10474 
10474A 
10474E 
10476LL 
10480 
10484 
10484A 
10A484 
pPD10500 


Organization 


256 x 4 
; 4K x 1 


1Kx4 
1Kx4 
1Kx 4 
1Kx4 
16K x 1 
4K x 4 
4K x 4 
4K x 4 
256K x 1 


Upcoming Products 


Description 
16K x 4 
16K x 4 
32K x 9 
64K x 4 


Features 
7-ns 
10-ns 
8-ns 
5-ns 
3-ns 
6-ns 
10-ns 
10-ns 
5-ns 
5-ns 





25a 
25b 
25c 
25d 
25e 
25f 

25g 
25h 
25i 

25) 


15-ns; BiCMOS 25k 


Device Number 


uPD10494 


uPD10494LL 


pPD10509 
pPD10504 


Comments 

Taa = 6, 7 ns; 28-pin PDIP/PFP 

Tcycle = 10, 12 ns; 32-pin PDIP/PFP 

Tcycle = 6, TDQ= 3; registered I/O, scannable; 52-pin PLCC 
Taa = 8, 10 ns; 32-pin PDIP/PFP 


NEC 


NEC Electronics Inc. 


uPB10422 
256 x 4-Bit 
10K ECL RAM 





Description 


The pPB10422 is a very high-speed 10K interface ECL 
RAM organized as 256 words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con- 
sumption. Two versions with fast access times of 7 and 
10ns maximum are available in 24-pin ceramic DIP 
packaging. 


Features 


256-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 
Fast access times 

Low power consumption 

24-pin ceramic DIP packaging 


Boaodoanoa 


Ordering Information 


Access Supply 
PartNumber Time (max) Current(min) Package 


pPB10422D-7 7ns ~220 mA 24-pin ceramic DIP 
D-10 10 ns 


60035 


Pin Configurations 





24-Pin Ceramic DIP 


N 
N 
+ 
oO 
_ 
a 
a, 
a 
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Pin Identification 


Symbol Function 

Ag - Az Address inputs 

Diy - Dig Data inputs 

DO, - DO, Data outputs 

BS, - BS, Block select inputs 

WE Write enable 

Voc Power supply (current switches and blas driver) 
Voca Power supply (output devices) 

VEE Power supply 


pPB10422 


NEC 





Absolute Maximum Ratings 





Supply voltage, Veg to Voc ~7.0 to +0.5V 
input voltage, VN sststststst*«C et FOU 
Output current, lout -30 to +0.1 mA 
Storage temperature, Tora -65 to + 150°C 
Storage temperature under bias, Tsrq (bias) —-55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Cour 5 pF 


Block Diagram 





X-Decoder/Driver 

















Truth Table 

BS WE DI po Function 
H Xx xX L Not selected 
L L L L Write 0 

L L H L Write 4 

L H X. Data Valid Read 
Notes: 


(1) The Block Select input for each of the four memory blocks is used 
independently as shown in the block diagram. 


Y-Decoder/Driver 


NN 


BS; Diy DO; BS2 Dip DOs BS3 Dig DOg BS4 Dig DO4 


Memory Cell Array 
(256 Words x 4 Bits) 


Block 3 


NEC 
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DC Characteristics 


Ta = Oto +75°C; Veg = -5.2 V; output load = 502 to -2.0V 





Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high Von -1000 -840 mV Vin = Vip, max or Vit min; Ta = 0°C 
-960 -810 mV Vin = Vin Max or Vi_ min; Ta = 25°C 
~900 -720 mV Vin = Vin max or Vit min; Ta = 75°C 
Output voltage, low VoL ~1870 -1665 mV Vin = Vin, max or Vie min; Ta = 0°C 
-1850 -1650 mV Vin = Vi-y max or Viz min; Ta = 25°C 
~1830 -1625 mV Vin = Ving max or Vi. min; Ta = 75°C 
Output threshold voltage, high VoHc -1020 mV Vin = Vig min or Vy. max; Ta = 0°C 
-980 mV Vin = Ving min or Vip max; Ta = 25°C 
-920 mV Vin = Vin min or Vit max; Ta = 75°C 
Output threshold voltage, low VoLc -1645 mV Vin = Vin, min or Vi_ max; Ta = 0°C 
-1630 mV Vin = Vix min or Vi max; Ta = 25°C 
-1605 mV Vin = Vin, min or Vi max; Ta = 75°C 
Input voltage, high Vin ~-1145 ~840 mV For all inputs: Ta = 0°C 
-1105 -810 mV For all inputs: Ta = 25°C 
1045 -720 mV For all inputs: Ta = 75°C 
input voltage, low Vit -1870 -1490 mV For all inputs: Ta = 0°C 
-1850 -1475 mV For all inputs: Ta = 25°C 
-1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high IH 220 pA Vin = Vip max 
Input current, low lie 0.5 170 pA BS, - BS4; Vin = Vi_ min 
-50 pA For all others: Viy = Vj_ min 
Supply current lee -220 mA For all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 


maintained at greater than 2.0 m/s. 


[e) 
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AC Characteristics 
Ta = Oto +75°C; Veg = -5.2V + 5%; output load = 502 to ~2.0V 














pPB10422-7 pPB10422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
, Read Operation 
Block select access time: taps 5 5 ns 
Block select recovery time taBs , 5 5 ns 
Address. access time taa 7 10 ns 
Write Operation 
Write pulse width tw 5 6 ns 
Data setup time twsp 1 2 ns 
Data hold time twHb 1 2 ns 
Address setup time twsa 1 2 ns 
Address hold time  twHA 1 2 ns 
Block select setup time twses 1 2 ns 
Block select hold time twues 1 2 ns 
Write disable time tws 5 5 ns 
Write recovery time twa 6 9 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 ns 
Output fall time tr 2 2 ns 
Notes: 


(1) The device under test is mounted in a test socket and measured (2) All timing measurements are referenced to 50% input levels, 
at a thermal equilibrium established with a transverse air flow efi d 
maintained at greater than 2.0 m/s. iS)’ Spe hgnes tare 2: 


bh 


NEC 


Figure 1. Loading Conditions Test Circuit 


Vec (GND) Veca (GND) 


Notes: 
(1] RL =50Q. 
(2] CL =30 pF. 


Figure 2. Input Pulse 


Note: 
[1} taste =2.5ns (typ). 
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831H-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 
[t] Address is valid more than 2 ns prior to the low transition of BS. 





831H-5972B 


Address Access Cycle 


Address 


Note: 
[1] BS = Vy 
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Write Cycle 


Address 
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NEC me 
4,096 x 1-BIT 


NEC Electronics Inc. 10K ECL RAM 


Description Pin Configuration 


The »PB10470 is a very high-speed 10K interface ECL = 4g-Pin Cerdip 
RAM organized as 4K words by 1 bit and designed with 
an open emitter output (noninverted) for low power 
consumption. Two fast access time versions are avail- 
able: 10ns maximum and 15ns maximum. The 
#PB10470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 







»PB10470 


Features 


0 4096-word x 1-bit organization 
10K ECL interface 
O Open emitter output (noninverted) 


Oo 


O Fast access times ; bese 
C Low power consumption Pin Identification 
O 300-mil, 18-pin cerdip packaging Symbol! Function 
5 3 Ag - Aq4 Address inputs 
Ordering Information ; 
Din Data input 
Access 
Part Number Time (max) Package Dout Data output 
uPB10470D-10 10 ns 18-pin cerdip cs Chip select 
D-15 15 ns WE Write enable 
Voc Ground 


Vee -5.2-volt power supply 


60026 


»PB10470 N: KE C 











Absolute Maximum Ratings Truth Table 

Supply voltage, Veg to Voc -7.0t0+05V CS WE Din Function Output 
Input voltage, Vin Veg to +0.5 V H X X Not selected L 
Output current, lout -30 to +0.1 mA L L L Write 0 L 
Storage temperature, Tstg —-65 to + 150°C L L H Write 1 L 
Storage temperature under bias, Tstg (bias) —55 to + 125°C L H Xx Read ; Dout 





Exposure to Absolute Maximum Ratings for extended periods may Notes: 
affect device reliability; exceeding the ratings could cause permanent (1) X = don't care 
damage. The device should be operated within the limits specified : 
under DC and AC Characteristics. 


Capacitance 

Parameter Symbo! Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Court 5 pF 


Block Diagram 


X-Address Word 64 x 64 
Decoder Driver Memory Cell 
Array 


Sense Amplifiers and 
Write Drivers 


Y-Address Decoder 
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N: KE Cc »PB10470 


DC Characteristics 
Ta = Oto +75°C; Vee = —5.2 V; output load = 50 2 to -2.0 V 











Parameter Symbol Ta (°C) Min Max Unit Test Conditions 
Output voltage, high Vou 0 -1000 -840 mV Vin = Vin (max) or Vip (min) 
+25 -960 ~810 mV 
+75 -900 -720 mV 
Output voltage, low VoL 0 -1870 -1665 mvV Vin = Vin, (max) or Viz (min) 
+25 -1850 -1650 mV 
+75 ~1830 1625 mV 
Output threshold voltage, high VoHc 0 ~1020 mV Vin = Vin (min) or Vip (max) 
+25 —980 mV 
+75 -920 mV 
Output threshold voltage, low VoLc 0 -1645 mV Vin = View (min) or Viz (max) 
+25 -1630 mV 
+75 ~1605 mV 
Input voltage, high Vin 0 ~1145 -840 mV Guaranteed input voltage high for all inputs 
+25 -1105 -810 mV 
+75 ~1045 -720 mV 
Input voltage, low ViL 0 ~1870 -1490 mV Guaranteed input voltage low for all inputs 
+25 -1850 -1475 mV 
+75 -1830 -1450 mV 
Input current, high hy Oto +75 220 pA Vin = Vin (max) 
Input current, low Ie Oto +75 0.5 170 pA For CS: Vin = Viz (min) 
Oto +75 —50 BA For all others: Viy = Vi (min) 
Supply current lee Oto +75 —220 mA All inputs and outputs open 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal! equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 


wo 
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AC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V + 5% 














PB 10470-10 pPB10470-15 
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 
Address access time taa 10 15 ns 
Chip select access time tacs 6 8 ns 
Chip select recovery time tacs 6 8 ns 
Write Operation 
Write pulse width tw 10 15 ns 
Data setup time twsp 2 2 ns 
Data hold time twHb 2 2 ns 
Address setup time twsa 3 3 ns 
Address hold time twHa 2 2 ns 
Chip select setup time twscs 2 2 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 6 8 ns 
Write recovery time twr 10 10 ns 
Output Rise and Fall Times 
Rise time tp 2 2 ns 
Fall time tr 2 2 ns 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is © 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 
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Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Notes: 
[1] Ry =500. 


Figure 2. Input Pulse 


Note: 
{1] th =tF =2ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 





Address Access Cycle 


Address 
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NEC 


NEC Electronics Inc. 


»PB10474 
1,024 x 4-Bit 
10K ECL RAM 





Description 


The »PB10474 is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Three versions with access times of 8 ns, 
10 ns and 15ns maximum are available in hermetic, 
400-mil, 24-pin cerdip packaging. 


Features 


1,024-word x 4-bit organization 
10K ECL interface 

Noninverted, open-emitter outputs 
Fast access times 

Low power consumption 

400-mil, 24-pin cerdip packaging 


Booaooaodd 


Ordering Information 


Part Number Access Time (max) Package 
pPB10474D-8 8ns 24-pin cerdip 
D-10 10 ns 
D-15 15 ns 





Pin Configuration 
24-Pin Cerdip 


B31H-6176A 





Pin Identification 

Symbol Function 

Ag-Ag Address inputs 

Diy - Dig Data inputs 

DO, - DO, Data outputs 

WE Write enable 

Cs Chip select 

Voc __ Power supply (current switches and bias driver) 
Voca Power supply (output devices) 
Vee Power supply 

NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Veg to Voc -7.0 to +0.5V 
Input voltage, Viy Veg to +0.5 V 
Output current, lout -30 to +0.1 mA 
Storage temperature, Tstg ~65 to + 150°C 
Storage temperature under bias, Tstq (bias) ~-55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

= 1MHz 
Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 


Output capacitance Court 5 pF 


Block Diagram 


X-Decoder/ 
Driver 


Input 
Data 
Control 
Circuit 





Truth Table 

ts WE Din Output Mode 

H X x L Not selected 
L L L L Write 0 

L L H L Write 1 

L H X_ Dour Read 
Notes: 


(1) X = don't care. 


Memory Cell Array 
64x16x4 


Output 
Data 
Control 
Circuit 


Ag Az Ag Ag 
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E Cc p»PB10474 


DC Characteristics 
Ta = Oto +75°C; Ver = -5.2 V; output load = 502 to -2.0V 














Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou ~1000 -840 mV Vin = Vin max or Vy_ min; Ta = 0°C 
~960 -810 mV Vin = Vin max or Vir min; Ta = 25°C 
~900 -720 mV Vin = Vin Max or Vi_ min; Ta = 75°C 
Output voltage, low Vo. —1870 —1665 mV Vin = Vin max or Vie min; Ta = 0°C 
-1850 -1650 mV Vin = Vin, max or Vie min; Ta = 25°C 
~1830 1625 mV Vin = Vin Max or Vip min; Ta = 75°C 
Output threshold voltage, high VoHc -1020 mV Vin = Vin min or Vii max; Ta = 0°C 
980 mV Vin = Vin min or Vii max; Ta = 25°C 
~920 mV Vin = Vin min or Vii max; Ta = 75°C 
Output threshold voltage, low VoLc -1645 mV Vin = Vin min or Vip max; Ta = 0°C 
. -1630 mv Vin = Vin, min or Vii max; Ta = 25°C 
-1605 “mv Vin = Vin min or Vi_ max; Ta = 75°C 
Input voltage, high Vin -1145 -840 mV For all inputs: Ta = 0°C 
-1105 -810 mV For all inputs: Ta = 25°C 
-1045 -720 mV For all inputs: Ta = 75°C 
Input voltage, low Vit -1870 -1490 mV For all inputs: Ta = 0°C 
-1850 -1475 mV For all Inputs: Ta = 25°C 
-1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high NH 220 pA Vin = Vin max 
Input current, low Iie 0.5 170 pA For CS: Vin = Vi min 
-50 pA For all others: Viy = Vip min 
Supply current lee ~-220 mA Ail inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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Ta = Oto +75°C; Veg = -5.2 V + 5%; output load = 500 to-2.0V 









































#PB10474-8 pPB10474-10 pPB10474-15 
___ Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit — Test Conditions 
"-” Read Operation 
Chip.select access time —  tacs 5 6. 8 ns 
Chip select recovery time trcs 5 = 6 8 ns 
Address access time tan 8 10 15 ns 
Write Operation 
Write pulse width tw 6 10 15 ns 
Data setup time twsp 1 2 2 ns 
Data hold time twHpb 1 2 2 ns 
Address setup time twsa 1 3 3 ns. 
Address hold time twHa 1 2 2 ns 
Chip select setup time twscs - 1 2 2 ns 
Chip select hold time - twHcs 1 2 2 ns 
Write disable time tws 5 6 8 ns 
Write recovery time twa 8 40 10 ns 
Output Rise and Fall Times 
Output rise time ta 2 2 2 ns 
Output fall time te 2 2 2 ns 
Notes: 


(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = —1.7 to —0.9V; input rise and fall times 
maintained at greater than 2.0 m/s. (measured between 20% and 80% or 80% and 20%) = 2 ns; input 

and output timing reference levels = 50%. 


pS 
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Figure 1. Loading Conditions Test Circuit 





Vec (GND) Veca (GND) 





Device Under 
Test 


Notes: 
(1) RE =50 2. 


[2] Cl =30 pF. 
831H-5947B 





Figure 2. Input Pulse 


Note: 
{1] tR=tp =2 ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 


Note: 


{1} Address is valid more than 2 ns prior to the low transition of Cs. 
83iH-6164B 





Address Access Cycle 


Address 


Note: 


(1) CS = VIL. 
831H-6144B 


Address 





NEC 


NEC Electronics Inc. 


pPB10474A 
1,024 x 4-Bit 
10K ECL RAM 





Description 


The »PB10474A is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 5 and 
6 ns maximum are available in hermetic, 400-mil, 24-pin 
cerdip packaging. 


Features 


QO 1,024-word x 4-bit organization 

Q 10K ECL interface 

Noninverted, open-emitter outputs 
Fast access times 

Low power consumption 

400-mil, 24-pin cerdip packaging 


Oo 


ood 


Ordering Information 


Part Number Access Time (max) Package 
pPB10474AD-5 5ns 24-pin cerdip 
D-6 6ns 
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Pin Configurations 


24-Pin Cerdip 
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Pin Identification 


Symbol 
Ag - Ag 

Diy - Dig 
DO, - DO, 
WE 

ts 

Voc 

Voca 

VEE 

NC 


Function 

Address inputs 

Data Inputs 

Data outputs 

Write enable (active low) 

Chip select (active low) 

Power supply (current switches and bias driver) 
Power supply (output devices) 

~5.2-volt power supply 

No connection 


yPB10474A 


4 


NEC 





Absolute Maximum Ratings 
Voc * Veca = OV 





Supply voltage, Veg to Voc -7.0 to +0.5 V 
Input voltage, Vin Veg to +0.5V 
Output current, lout 30 to +0.1 MA 
Storage temperature, Tstq -65 to + 150°C 
~ Storage temperature under blas, Tsrq (bias) ~55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Cour | 5 pF 
Block Diagram 


X-Decoder/ 
Driver 


Input 
Data 
Control 
Circuit 








Truth Table 

cs WE Dw Output Function 
H xX Xx L Not selected 
L L L L Write 0 

L L H L Write 1 
L H- x Dour Read 
Notes: 


(1) X = don't care. 


Memory Cell Array 


64x16 x4 


Output 
Data 
Control 
Circuit 


Ag A7 Ag Ag 
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DC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V; output load = 50 2 to -2.0V; Voc ™ Voca = OV 
Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou - =1000 . —-840 mV Vin @ Ving, max or Vi_ min; Ta = 0°C 
-960 -810 mv Vin @= Vin max or Vy min; Ta = 25°C 
~-900 -720 mV Vin ™ Ving max or Vi_ min; Ta = 75°C 
Output voltage, low VoL -1870 -1665 mV Vin ™ Vin max or Vi_ min; Ta = 0°C . 
-1850 -1650 mV Vin = Vig Max or Vi_ min; Ta = 25°C 
~1830 1625 mv Vin = Vixq Max or Vip min; Ta = 75°C 
Output threshold voltage, high Vouc -1020 mv Vin = Vin min or Vi max; Ta = 0°C 
-980 mV Vin ™ Vix min or Vi max; Ta = 25°C 
~920 mV Vin ™ Vig min or Vip max; Ta = 75°C 
Output threshold voltage, low Voc ~1645 mV Vin @ Vig min or Vii max; Ta = 0°C 
-1630 mV Vin ™ Vie min or Vip max; Ta = 25°C 
-1605 mV Vin = Vin min or Vi max; Ta = 75°C 
Input voltage, high Vin ~1145 —840 mV For all inputs: Ta = 0°C 
-1105 -810 mV For all inputs: Ta = 25°C 
-1045 ~720 mv For all Inputs: Ta = 75°C 
input voltage, low Vi ~1870 -1490 mv For all Inputs: Ta = 0°C 
~1850 -1475 mV For all inputs: Ta = 25°C 
~1830 -1450 mV For all Inputs: Ta = 75°C 
Input current, high Ny 220 pA Vin = Vin max 
Input current, low lit 0.5 170 pA For CS: Vin = Vii min 
-50 pA For all others: Viy = Vi, min 
Supply current lee ~250 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


[é*) 
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AC Characteristics 

Ta = Oto +75°C; Veg = -5.2V + 5%; output load = 500 to -2.0V; Voc ™ Voca * OV 
. pPB10474A-5 pPB10474A-6 . 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 5 6 ns 

Chip select recovery time tacs 3 4 ns 

Chip select access time tacs 3 4 ns 

Write Operation 

Write pulse width tw . § 6 ns 

Data setup time twsp 1 1 ns 

Data hold time twup 1 1 ns 

Address setup time twsa 1 1 ns 

Address hold time twHa 1 1 ns 

Chip select setup time twscs 1 1 ns 

Chip select hold time twucs 1 1 ns 

Write disable time tws 3 4 ns 

Write recovery time twr : 6 7 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time tr 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = —1.7 to -0.9V; input rise and fail times 
maintained at greater than 2.0 m/s. (measured between 20% and 80% or 80% and 20%) = 2 ns; input 


and output timing reference levels = 50%, 


bh 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
{1] Rp =50Q. 


[2} Cy, = 30 pF. 
@3IH-5947B 





Figure 2. Input Pulse 


Note: 
[1] tR=tp =2 ns (typ). 


831H-61778 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 
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Address Access Cycle 


Address 


Note: 


{1] CS = VIL. 
83{H-6144B 





Write Cycle 


Address 
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NEC Electronics Inc. 


Description 


The uPB10474E is a very-high-speed 10K interface ECL 
RAM organized as 1024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. 


Features 


1024-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Fast access times 

Low power consumption: 1.6 W max 
24-pin ceramic package, DIP or flatpack 


gbBaoaoaoaao 


Ordering Information 


Part Number Access Time (max) Package 
uUPB10474EDH-3 3ns 24-pin cerdip 
DH-4 4ns 
UPB10474EBH-3 3ns 24-pin ceramic flatpack 
BH-4 4ns: 


Pin Identification 


Symbol Function 

Ao - Ag Address inputs 

Dl, - Dig Data inputs 

DO, - DO, Data outputs 

WE Write enable input 

cs Chip select input 

Voc Power supply ground (current switches and bias 
driver) 

Voca Power supply ground (output devices) 

VEE Power supply (-5.2 volts) 


NC No connection 


60224 





pPB10474E 
1024 x 4-Bit 
10K ECL RAM 


Pin Configurations 





24-Pin Cerdip 


uPB10474E 


1 
2 
3 
4 
5 
6 
7 
8 
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—_ 
sa C2 


—_ 
ND 
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Absolute Maximum Ratings Capacitance 
Supply voltage, Vee to Veo OIGE ORY. tm MRR ss we 
ipuivoliage Vig eee eoe yy _Eatemerr Symbol Min Typ Max — Unit 
Outputcurrent lou, ti(“‘é‘(UtS!S!”*;*C BO tO HOLA mA Input capacitance Cin 4 pF 
Storage temperature, ggg =i(‘(tU*« BS tO + ISOC Output capacitance  Coytz 5 pF 
Storage temperature under bias, Tgtg (bias) —55 to +125°C Truth Table 
Exposure to Absolute Maximum Ratings for extended periods may CS) 2~=SOWE.~™~Cy—(i(‘(s;™*ésS tpt SstS*~*éMde=S 
affect device reliability; exceeding the ratings could cause perma- ee 
nent damage. The device should be operated within the limits H X x L Not selected 
specified under DC and AC Characteristics. L L L L Write 0 

L L H L Write 4 

L H X Dout Read 

X = don't care. 


Block Diagram 


| X-Decoder/ Memory Cell Array 
Driver 64x16x4 


Circult ¥-DecoderDiiver Circult 


Ag Az Ag Ag 
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DC Characteristics 


Ta = 0 to +75°C; Veg = -5.2V; output load = 50 Nto -2.0 V 


Parameter Symbol 
Output voltage, high Vou 
Output voltage, low Vor 
Output threshold voltage, high Vouc 
Output threshold voltage, low Vote 
Input voltage, high Vin 
Input voitage, low Vit 
Input current, high he 
Input current, low Iie 
Supply current lEE 
Notes: 


Min 
~-1000 
-960 
-900 
-1870 
-1850 
-1830 
~1020 
-980 
-920 


—1145 
—1105 
~1045 
~1870 
~-1850 
~1830 


0.5 


—330 


Typ 


(1) The device under test is mounted in atest socket and measured 
at a thermal equilibrium established with a transverse air flow 


maintained at greater than 2.0 m/s. 


Max 
~840 
—810 
-720 

1665 
-1650 
-1625 


-1645 
-1630 
-1605 
—840 
—810 
-720 
-1490 
~1475 
—1450 
220 
170 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
LA 
LA 
LA 
mA 


yPB10474E 


Test Conditions 

Vin = Vin max or Vy min; Ta = 0°C 
Vin = Vin max or Viz min; Ta = 25°C 
Vin = Vin max or Vi_ min; Ta = 75°C 
Vin = Vin max or Vy min; Ta = 0°C 
Vin = Vin max or Vi_ min; Ta = 25°C 
Vin = Vip max or Vip min; Ta = 75°C 
Vin = Vin min or Vi_ max; Ta = 0°C 
Vin = Vin min or Vy max; Ta = 25°C 
Vin = Vin min or Vip max; Ta = 75°C 
Vin = Vin min or Vip max; Ta = 0°C 
Vin = Vin min or Vip max; Ta = 25°C 
Vin = Vin min or Vi_ max; Ty = 75°C 
For all inputs: Ta = 0°C 

For all inputs: Ta = 25°C 

For all inputs: Ta = 75°C 

For all inputs: Ta = 0°C 

For allinputs: Ta = 25°C 

For all inputs: Ta = 75°C 

Vin = Vin max 

For CS: Vin = Vip min 

For all others: Vin = Viz min 


All inputs and outputs open 
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AC Characteristics 
Ta = Oto +75°C; Veg = -5.2V + 5%; output load = 50 Nto -2.0V 


pPB10474E-3 pPB10474E-4 
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 
Address access time tan 3 4 ns 
Chip select access time tacs 2 3 ns 
Chip select recovery time tacos 2 3 ns 
Write Operation 
Write pulse width tw 5 6 ns 
Address hold time twHAa 0.5 0.5 ns 
Chip select hold time twHcs 0.5 0.5 ns 
Data hold time twHD. 0.5 0.5 ns 
Write recovery time twrR 4 5 ns 
Write disable time tws 2 3 ns 
Address setup time twsa 0.5 0.5 ns 
Chip select setup time twscs 0.5 0.5 ns 
Data setup time twsp 0.5 0.5 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 ns 
Output fail time te 2 2 -ns 
Notes: 
(1) The device under test is mounted in a test socket and measured maintained at greater than 2.0 m/s. 


at a thermal equilibrium established with a transverse air flow (2) See figure 1 for loading conditions and input pulse shape. 


Figure 1. Test Circuit 
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Timing Waveforms 


Chip Select Access Cycle 





Note: 
[1] Address is valid more than 2 ns prior to the low transition of cs. 
[2] WE = Vin . 





Address Access Cycle 


Note: 
[1] CS=VyL. 
[2} WE=Vin. 
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Timing Waveforms (cont) 


Write Cycle 
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NEC Electronics Inc. 


Preliminary Information 


Description 


The pPB10476LL is a very-high-speed 10K interface ECL 
RAM organized as 1024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. 


The device integrates input latches, high-speed ECL 
RAM, output latches, and a write pulse generator. The 
synchronous design allows precise cycle control by 
use of an internal clock. 


Features 


O 1024-word x 4-bit organization 

QO 410K ECL interface 

High-speed clock cycle: 6 ns 

Latched 1/O 

Self-timed write 

28-pin ceramic package, DIP or flatpack 


oO 
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Ordering Information 


Part Number Access Time (max) Package 
UPB10476LLDH-6 6ns 28-pin cerdip 
BH-6 6ns 28-pin ceramic flatpack 


Pin Identification 


Symbol Function 

Ao - Ag Address inputs 

Diy - Diy Data inputs 

DO, - DO, Data outputs 

CLK, CLK Clock inputs 

cs Chip select input 

WE Write enable input 

VBB Reference voltage output 

Voc Power supply ground (current switches and bias 
driver) 

Voca Power supply ground (output devices) 

VEE Power supply (—5.2 volts) 


NC No connection 


60226 


yPB10476LL 
1024 x 4-Bit 


10K ECL Synchronous RAM 


Pin Configuration 


28-Pin Cerdip 


uPB10476LL 
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Block Diagram 


Memory Cell Array 


64x16 x4 


Write Pulse Generator 


Reference Voltage 
Generator 


Absolute Maximum Ratings 


Supply voltage, Veg to Voc -7.0 to +0.5V 
Input voltage, Viy Veg to t0.5V 
Output current, loyT -30 to +0.1 mA 


-65 to + 150°C 


Storage temperature under bias, Tstg (bias) -55 to +125°C 


Storage temperature, Tstg . 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 








Capacitance 

f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 PF 
Output capacitance Cout 5 pF 
Truth Table 

cs WE Din Output Mode 

H X X L Not selected 
L L L L Write 0 

L L H H Write 4 

L H X Dout Read 

X = don't care. 
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DC Characteristics 
Ta = Oto +75°C; Voc = Voca = OV; Veg = -5.2 V; output load = 50 Qto -2.0V 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1000 -840 mV Vin = Vin max or Vip min; Ta = 0°C 
-960 -810 mV Vin = Vin max or Vy. min; Ta = 25°C 
. ~800 -720 mV Vin = Vin max or Vi_ min; Ta = 75°C 
Output voltage, low VoL -1870 -1665 mV Vin = Vin, max or Vip min; Ta = 0°C 
-1850 ~1650 mV Vin = Vin max or Vip min; Ta = 25°C 
-1830 ~1625 mV Vin = Vin max or Vip min; Ta = 75°C 
Output threshold voltage, high VoHo -1020 mV Vin = Vin min or Vip max; Ta = 0°C 
-980 mV Vin = Vi min or Vip max; Ta = 25°C 
-920 mV Vin = Vin min or Vip max; Ta = 75°C 
Output threshold voltage, low Vote —-1645 mV Vin = Vin min or Vi_ max; Ta = 0°C 
-1630 mV Vin = Vin min or Vip max; Ta = 25°C 
—1605 mV Vin = Vin, min or Vip max; Ta = 75°C 
Input voltage, high Vin -1145 -840 mV For all inputs: Ta = 0°C 
~1105 —810 mV For all inputs: Ta = 25°C 
-1045 ~720 mV For all inputs: Ta = 75°C 
Input voltage, low VIL —1870 ~1490 mV For all inputs: Ta = 0°C 
~1850 -1475 mV For all inputs: Ta = 25°C 
~1830 _ =1450 mV For all inputs: Ta = 75°C 
Input current, high hy ; 220 LA Vin = Vin max 
Input current, low tit 0.5 170 LA For CS: Viy = Vy_ min 
-50 HA For all others: Vin = Vii min 
Supply current lEE -350 mA All inputs and outputs open 
Reference voltage . Veep ~1820 -1250 mV 
Notes: 


(1) The device under test is mounted in atest socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V + 5%; output load = 50 Nto-2.0V 


uPB10476LL-6 




















Parameter Symbol Min Typ Max Unit Test Conditions 

Address access time — ta(Add) 2.5 ns tsa = 0.5 ns 

Clock access time ta(Clk) 3.3 ns twucik) = 1.5 ns 

CS access time taccs) 2.3 ns tsc = 0.5 ns 

Data access time ta(on 2.3 ns tsp = 0.5 ns 

Write access time taw 23 ns tew = 0.5 ns 

Clock cycle time tove 6 ns 

Data release time tor 0.3 1.8 ns twiclk) > taccik) Max, tga > tarda) Max, 
tsc > tacos) Max, tsp > ta(py Max 

Address hold time tHa 1 ns 

CS hold time tuc 1 ns 

Data hold time tup 1 ns 

WE hold time tuw 1 ns 

Address setup time tsa 0.5 ns 

CS setup time tsc 0.5 ns 

Data setup time tsp 0.5 ns 

WE setup time tow 0.5 ns 

Clock high-pulse width tWH(CIk) 45 ns 

Clock low-pulse width twLiclk) 1.5 ns 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


(2) See figure 1 for loading conditions and input pulse shape. Figure 2. Clock Input Modes 


Differential Mode 


Figure 1. Test Circuit 10476LL 
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Timing Waveforms 


Address Access, Read Mode 
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Timing Waveforms (cont) 


Chip Select Access, Read Mode 
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Timing Waveforms (cont) 


Clock Access, Read Mode 
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Timing Waveforms (cont) 


Write Mode 
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NEC eee 
16,384 x 1-Bit 


NEC Electronics Inc. 10K ECL RAM 





Description Pin Configurations 





The #PB10480 is a very high-speed 10K interface ECL 29-pin Cerdip 
RAM organized as 16,384 words by 1 bit and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with fast access times of 
10ns and 15ns maximum are available in hermetic, 
300-mil, 20-pin cerdip or 20-pin ceramic flatpack pack- 





to] 
aging. 3 
2 
Features a 
O 16,384-word x 1-bit organization 
O 10K ECL interface 
Q Noninverted, open-emitter outputs ae 
O Fast access times 
O Low power consumption 7 . 
QO 300-mil, 20-pin cerdip or 20-pin ceramic flatpack 20-Pin Ceramic Flatpack 
packaging 
: 
Ordering Information 2 
3 
Power ae es 
Access Consumption 7 < 
Part Number Time (max) (max) Package ‘ = 
QO. 
UPB10480D-10 10 ns 1.4W 20-pin cerdip ge. 
D-15 15 ns 1.3W 8 
EAE A ERE nS SN Ne eR 9 
UPB10480B-10 10 ns 1.4W 20-pin ceramic HA nS 


Ag 


B-15 15 ns 1.3W Hatpapk 
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Pin Identification Absolute Maximum Ratings 
Symbol Function ' Supply voltage, Veg -7.0 to +0.5V 
Ao - Aig Address inputs Input voltage, Viy Veg to +0.5 V 
DI Data input Output current, loyr -30 to +0.1 mA 
DO Data output ts Storage temperature, Tstq ~65 to + 150°C 
Cs Chip select Storage temperature under bias, Tgrq (bias) -55 to +125°C 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
Voc Ground affect device reliability; exceeding the ratings could cause permanent 
SS Eee damage. The device should be operated within the limits specified 
VEE ~5.2-volt power supply under DC and AC Characteristics. 
Capacitance Truth Table 
f = 1 MHz — — 
——— ee 6 OCS WE Din Output Mode 
Parameter Symbol Min Typ Max Unit 
Liane Gar ee H x xX L Not selected 
Nput capacitance 4 
ae EG L L ak L . . Write o 
utput capacitance 
FO L L H L _ Write 1 
L H xX Dout Read 
Notes: 


(1) X = don't care. 


Block Diagram 


X-Address Word Memory Cell 
Decoder Driver Array 128 x 128 


Sense Amp. and 
Write Drivers 


A7 Ag Ag Aio Ary Ata Aig 
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DC Characteristics 
Ta = Oto +75°C; Vee = -5.2 V; output load = 50 2 to ~-2.0V 














Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou ~-1000 . -840 mV = Vin = Vin max or Vit min; Ta = 0°C 
-960 ~810 mV Vin = Vi max or Vip min; Ta = 25°C 
~900 ~720 mV Vin = Vin, max or Vip min; Ta = 75°C 
Output voltage, low VoL ~-1870 -1665 mV Vin = Vin max or Vip min; Ta = 0°C 
~-1850 -1650 mV Vin = Vin max or Vip min; Ta =.25°C . 
1830 1625 mV Vin = Vin max or Viz min; Ta = 75°C 
Output threshold voltage, high VoHc —1020 mV Vin = Vin min or Vip max; Ta = 0°C 
-980 mV Vin = Vin min or Vy. max; Ta = 25°C 
-920 mV Vin = Vin min or Vi_ max; Ta = 75°C 
Output threshold voltage, low VoLc -1645 mV Vin = Vin min or Vi_ max; Ta = 0°C 
-1630 mV Vin = Vin min or Vi_ max; Ta = 25°C. 
 =1605 mV Vin = Vin min or Vi_ max; Ta = 75°C. 
Input voltage, high Vin -1145 | 840 mV For all inputs: Ta = 0°C 
~1105 ~810 mV For all inputs: Ta = 25°C 
~1045 -720 mV For all inputs: Ta = 75°C 
Input voltage, low Vit -1870 ~ =1490 mV For all inputs: Ta = 0°C 
1850 ~1475 mV For all inputs: Ta = 25°C 
-1830 ~1450 mV For all inputs: Ta = 75°C 
Input current, high he 220 pA Vin = Vin, max 
Input current, low Iie 0.5 170 pA For CS: Vin = Vit min 
~50 nA For all others: Vin = Vi_ min 
Supply current lee —260 mA For »PB10480-10: all inputs and outputs open 
—240 mA For 4PB10480-15: all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


w 


pPB10480 NV. E C 


AC Characteristics 
Ta = Oto +75°C; Veg = -5.2V 5% 




















PB 10480-10 pPB10480-15 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 10 1 ns 

Chip select recovery time tacs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twHb 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHaA 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 11 17 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time tr 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = ~1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
maintained at greater than 2.0 m/s. and output timing reference level = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) 





Notes: 
[1] RL =50Q. o 
{2] CL =30 pF. VEE 
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Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of CS. 
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Address Access Cycle 


Address 


Note: 
[1] CS =VIL. 
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‘Write Cycle 


Address 
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NEC Electronics Inc. 


Description 


The PB 10484 is a very high-speed 10K interface ECL 
RAM organized as 4,096 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 10 
and 15ns maximum are available. The uPB10484 is 
packaged in ahermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. , 


Features 


4,096-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Low power consumption of 1.4 W maximum 
Fast access times of 10 and 15ns maximum 
400-mil, 28-pin cerdip or 28-pin ceramic flatpack 
packaging 


oooaada 


Ordering Information 


Access 
Part Number Time (max) Package 
UPB10484D-10 10 ns 28-pin cerdip 
D-15 15 ns 
uUPB10484B-10 10 ns 28-pin ceramic flatpack 
B-15 15 ns 


yPB10484 
4,096 x 4-Bit 
10K ECL RAM 


Pin Configurations 


28-Pin Cerdip 


uPB10484 
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Pin Identification Absolute Maximum Ratings 

Symbol Function Voc = Veca = 0V 

Ao- Att Address inputs UCP IY ORNS NEE sare ss a 
GS ~~ © ©Chipselect(actvelow)==S=S=~=CS Storage temperature under bias, Tetg (bias) ~55 to +125°C 


< 


cc Power supply (current switches and bias driver) Exposure to Absolute Maximum Ratings for extended periods may 
SaaS TRESS eC affect device reliability; exceeding the ratings could cause permanent 





Voca Power supply (output devices) damage. The device should be operated within the limits specified 
VEE -5.2-volt power supply under DC and AC Characteristics. 
NC No connection 
Truth Table 
Capacitance Cc WE Din Output Mode 
f = 1 MHz H X X L Not selected 
Parameter Symbol Min Typ Max Unit L L (Note 2) L L Write 0 
Input capacitance Cin 4 pF a L (Note 2) H L Write 1 
Output capacitance = Cour 6 PFO H (Note 2) X Dout Read 
Notes: 


(1) X = don't care. 


(2) Both WE, and WE, must be low to initiate write operation. For 
read operation, either WE; or WE» or both must be high. 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 128 x 32 x4 


Control Y-Decoder/Driver eonvel 
Circuit 


sleek H—| _senseswicn | O 


Circuit 


A7 Ag Ag Aio Ait 
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DC Characteristics 
Ta = Oto +75°C; Veg = —5.2 V; output load = 50 2 to -2.0V; Vog = Voca = OV 
Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou ~1000 . -840 mV Vin = Vin max or Vi_ min; Ta = 0°C 
-~960 —810 mV Vin = Vipj max or Vi_ min; Ta = 25°C 
-900 -720 mV Vin = Vig max or Vi_ min; Ta = 75°C 
Output voltage, low VoL ~1870 ~1665 mV Vin = Vin max or Vi_ min; Ta = 0°C 
~1850 ~1650 mV Vin = Vin max or Vi_ min; Ta = 25°C 
~1830 ~1625 mv Vin = Vin max or Vip min; Ta = 75°C 
Output threshold voltage, high Vouc ~1020 mV Vin = Vin min or Vi max; Ta = 0°C 
-980 mV Vin = Vin min or Vip max; Ta = 25°C 
-920 mV Vin = Ving min or Vip max; Ta = 75°C 
Output threshold voltage, low VoLc ~1645 mV Vin = Vin min or Vip max; Ta = 0°C 
~1630 mV Vin = Vin min or Vip max; Ta = 25°C 
~1605 mV Vin = Vin min or Vip max; Ta = 75°C 
Input voltage, high Vin -1145 -840 mV For all inputs: Ta = 0°C 
-1105 -~810 mV For all inputs: Ta = 25°C 
~1045 ~720 mV For all inputs: Ta = 75°C 
Input voltage, low Vit ~1870 -1490 mV For all inputs: Ta = 0°C 
~-1850 -1475 mV For all inputs: Ta = 25°C 
-1830 ~1450 mV For all inputs: Ta = 75°C 
Input current, high hy 220 BA Vin = Vin max 
Input current, low hie 0.5 170 pA For CS: Vin = Vit min 
-50 pA For all others: Vij = Viz. min 
Supply current lee -260 mA For uPB10484-10: all inputs and outputs open 
~240 mA For »PB10484-15: all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics : 
Ta = Oto +75°C; Veg = -5.2 V £5%; output load = 502 to.-2.0 V; Vog = Voca = OV 























BPB 10484-10 pPB 10484-15 

Parameter , Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time tra 10 15 ns 

Chip select recovery time tacs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twp 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHa 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 11 17 ns 

Output Rise and Fail Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = —1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
maintained at greater than 2.0 m/s. and output timing reference level = 50%. 
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Figure 1. Loading Conditions Test Circuit 


Voc (GND) VccaA (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 
{2] CL =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] trate =2.5ns (typ). 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 
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Address Access Cycle 


Address 


Note: 
[1] CS = VIL. 
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Write Cycle 


Address 
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NEC »PB10484A 
4,096 x 4-BIT 


NEC Electronics Inc. 10K ECL RAM 





Description Pin Configurations 


The »PB10484A is a very high-speed 10K interface ECL 29-pin Cerdip 
RAM. It is organized as 4,096 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with access times 
of 5 or 7ns maximum are available. The »PB10484A is 
packaged in a hermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. 


Features 


uPB10484A 


4,096-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Fast access times of 5 and 7 ns maximum 

Low power consumption of 1.4 W maximum 

400-mil, 28-pin cerdip or ceramic flatpack packaging 


BOoao 
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Ordering Information 


Access 
Part Number Time (max) Package 
pePB10484AD-5 5ns 28-pin cerdip 
D-7 7ns 
#PB10484AB-5 5ns 28-pin ceramic flatpack 
B-7 7ns 
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Pin Identification Absolute Maximum Ratings 
Voc = Veca = OV 


























Symbol Function 

Ao- Aaa Address inputs x Supply voltage, Vee ~7.0 to +05 Vv 
: Di,-Dl,.  +~batainpus=—=~C~*~—“‘s~S*SCSSSSSCSCS Input voltage, Vix Veg to +0.5V 
‘s DO,-DO,.~+Datacutputs  .o"-. Output current, ioyt cere ' 30 to +0.1 mA 

WE, WE. ~«SWriteenable(activelow)i(iti(‘its~™S Storage Semperaty re, TstG ~65 to +150°C 

TS ~~—~™:C hip select (activelow)— tt—<CSs~S~S~S Storage temperature under bias, Tstq (bias) -55 to +125 °C 

Voc «Power supply (current switches and bias driver) Exposure.to Absolute Maximum Ratings.for extended periods may 

SS Ee affect device reliability; exceeding the ratings could cause permanent 

Voca Power supply (output devices) damage. The device should be operated within the limits specified 

VEE -~5.2-volt power supply under DC and AC Characteristics. 

NC be connection a Truth Table 

Capacitance : cs WE DI Output Function 

f = 1MHz H X x L Not selected 

Parameter Symbol Min = Typ Max Unit L (Note 2) L L Write 0 

Input capacitance Cin 4 pF L L (Note.2) H L Write 1 

Output capacitance § = Coyt 6 pF L H (Note 2) x Dout Read 

Notes: 


(1) X = don’t care. 


(2) Both WE, and WE, must be low to initiate write operation. For 
tead operation, either WE, or WE, or both must be high. 


Block Diagram 


X-Decoder/ Memory Cell Array 
‘+ Driver 128 x32x4 


~ * Input |__| Sense/Switch a 


Data Output 


Data 


Control Y-Decoder/Driver Control 


Circuit Circuit 


A7 Ag Ag Ayo Att 
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DC Characteristics 


Ta = Oto +75 °C; Vee = -5.2 V; output load = 50 2 to -2.0V; Voc = Voca = OV 

















Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1000 —-840 mV Vin = Vin max or Vii min; Ta = 0 °C ‘ 
-960 -810 mv Vin = Viq max or Vj, min; Ta = 25°C 25i 
-900 -720 mV Vin = Vin max or Viv min; Ta = 75°C 
Output voltage, low VoL ~1870 ~1665 mV Vin = Vin max or Vii min; Ta = 0°C 
~1850 -1650 mv Vin = Vin max or Vi_ min; Ta = 25°C 
~1830 ~1625 mV Vin = Vin Max or Vie min; Ta = 75°C 
Output threshold voltage, high VoHC -1020 mV Vin = Vin min or Vii max; Ta = 0 °C 
-980 mV Vin = Vin min or Vip max; Ta = 25°C 
-920 mV Vin = Vig min or Vip max; Ta = 75°C 
Output threshold voltage, low VoLc -1645 mV Vin = Vin min or Vi_ max; Ta = 0°C 
~1630 mV Vin = Vin min or Vip max; Ta = 25°C 
-1605 mV Vin = Vin min or Vi max; Ta = 75°C 
Input voltage, high Vin 1145 -840 mV For all inputs: Ta = 0°C 
-1105 ~810 mV For all inputs: Ta = 25 °C 
-1045 ~720 mV For all inputs: J, = 75°C 
Input voltage, low Vit -1870 -1490 mV For all inputs: Ta = 0°C . 
—1850 -1475 mV For all inputs: Ta = 25°C 
~-1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high hr 220 pA Vin = Vin, max 
Input current, low tit 0.5 170 pA For CS: Vin = Vi min 
~50 BA For all others: Viq = Vi. min 
Supply current , lee -260 mA For »PB10484A-5: all inputs and outputs open 
-240 mA For »PB10484A-7: all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta = Oto +75 °C; Veg = -5.2V + 5%; output load = 50 2 to -2.0 V; Voc = Voca = OV 




















pPB10484A-5 pPB 10484A-7 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 5 7 ns 

Chip select recovery time tacs 3.5 4 ns 

Chip select access time tacs 3.5 4 ns 

Write Operation 

Write pulse width tw 6 8 ns 

Data setup time twsp 1 1 ns 

Data hold time twHp 2 2 ns 

Address setup time twsa 1 1 ns 

Address hold time twHA 2 2 ns 

Chip select setup time twscs 1 1 ns 

Chip select hold time twucs 2 2 ns 

Write disable time tws 3.5 5 ns 

Write recovery time twr 7 9 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured {2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.5ns; 
maintained at greater than 2.0 m/s. input and output timing reference level = 50%. 


Sh 


NEC 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 
[2} CL =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of CS. 
831H-6164B 





Address Access Cycle 


Address 


Note: 
[1] CS = VIL. 
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Write Cycle 


Address 
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NEC yPB10A484 
| 4,096 x 4-Bit 


NEC Electronics Inc. 10K ECL RAM 





Description Pin Configurations 


The »PB10A484 is a very high-speed 10K interface ECL 28-pin Cerdip 
RAM organized as 4,096 words by 4 bits with nonin- 
verted, open-emitter outputs. Two versions with access 
times of 5ns and 7ns maximum are available. The 
puPB10A484 is packaged in a hermetic, 400-mil, 28-pin 
cerdip or 28-pin ceramic flatpack. 


Features 


4,096-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Fast access times of 5 and 7 ns maximum 

400-mil, 28-pin cerdip or ceramic flatpack packaging 
Center power pins 


HPB10A484 
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Ordering Information 


Access 
Part Number Time (max) Package 
pPB10A484D-5 5ns 28-pin cerdip 
D-7 7ns 
pPB10A484BH-5 5ns 28-pin ceramic flatpack 
BH-7 7ns 
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Pin Identification Absolute Maximum Ratings 

Symbol Function Voc * Voca = OV 

Ag- Ay Address inputs Supply voltage, Vee -7.0 to +0.5V 

Di, - Diy Data inputs input voltage, Vin Veg to +0.5V 

DO, - DO, Data outputs Output current, lout -30 to +0.1 mA 

WE Write enable (active low) Storage temperature, Tsta -65 to + 150°C 

CS Chip select (active low) Storage temperature under bias, Tsyq (bias) -55 to +125°C 

Voc Power supply (current switches and bias driver) Exposure to Absolute Maximum Ratings for extended periods may 

SS ooo affect device reliability; exceeding the ratings could cause permanent 

VoCA Power supply (output devices) damage. The device should be operated within the limits specified 

VEE -5.2-volt power supply under DC and AC Characteristics. 

NC No connection Truth Table 

Capacitance Function cs WE Din Output 

f= 1 Miz Not selected H x x L 

Parameter Symbol Min Typ Max Unit writeo L L L L 

Input capacitance Cn 4 pF Write 1 L ‘i H L 

Output capacitance Com ”~S~Cis~S*~‘“~*‘~«s SC*‘«S a wae wae 
Notes: 


Block Diagram 


X-Decoder/ 
Driver 


Input 
Data 
Control 
Circuit 


Sense/Switch 


Y-Decoder/Driver 


(1) X = don't care. 


Memory Cell Array 
128 x 32x 4 


= 
Output 
Data 
Control 
Circuit 


A7 Ag Ag Aigo Art 
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DC Characteristics 
Ta = Oto +75°C; Veg = -5.2V; output load = 500 to -2.0V; Voc = Voca = OV 











Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou ~1000 -840 mV Vin ™ Vin, max or Vip min; Ta = 0°C 
~960 -810 mV Vin ™ Vin, max or Vi_ min; Ta = 25°C 
-900 -720 mV Vin @ Vin, Max or Vii min; Ta = 75°C 
Output voltage, low VoL -1870 -1665 mV Vin ™ Vip, max or Vip min; Ta = 0°C 
~1850 -1650 mV Vin = Vir, Max or Vip min; Ta = 25°C 
-1830 -1625 mV Vin ™ Virj Max or Vi_ min; Ta = 75°C 
Output threshold voltage, high Vouc -1020 mV Vin = Virg min or Vi_ max; Ta = 0°C 
~980 mv Vin ™ Vin min or Vip max; Ta = 25°C 
~920 mV Vin ™ Vin, min or Vip max; Ta = 75°C 
Output threshold voltage, low VoLc -1645 mV Vin @ Ving min or Vi max; Ta = 0°C 
-1630 mV Vin = Vix min or Vy. max; Ta = 25°C 
-1605 mV Vin ® Vin, min or Vie max; Ta = 75°C 
Input voltage, high Vin -1145 ~840 mV For all inputs: Ta = 0°C 
—1105 -810 mV For all inputs: Ta = 25°C 
~1045 -720 mV For allinputs: Ta = 75°C 
Input voltage, low Vib -1870 -1490 mV For all Inputs: Ta = 0°C 
-1850 -1475 mV For all inputs: Ta = 25°C 
~1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high lie 220 pA Vin = Vin, max 
Input current, low hie 0.5 170 pA For CS: Vin = Vi min 
. -50 uA For all others: Viy = Vj min 
Supply current leg 320 mA All inputs and outputs open 





Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta ™ 0 to +75°C; Veg = -5.2V + 5%; output load = 500 to -2.0V; Voc ™ Voca = OV 
; pPB10A484-5 pPB10A484-7 ; 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 

-», Address access time taa 5 7 ns 

r - Chip select recovery time tacs 3.5 4 ns 

~ Chip select access time tacs 3.5 | 4 ns 
Write Operation 
Write pulse width tw 6 8 ns 
Data setup time twsp 1 1 ns 
Data hold time twup 2 2 ns 
Address setup time twsa 1 1 ns 
Address hold time twHa 2 2 ns 
Chip select setup time = — twscs 1 1 ns 
Chip select hold time twucs 2 2 ns 
Write disable time tws 3.5 5 ns 
Write recovery time _ ” twr 7 9 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 ns 
Output fall time te 2 2 ns 
Notes: 
(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.5ns; 
maintained at greater than 2.0 m/s. input and output timing reference level = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) Voca (GND) 


Device Under 
Test 





Notes: 
[1] Ry =50Q. 
[2] Cy =30 pF. 





Figure 2. Input Pulse 


Note: 
[1] tR= te = 2.5 ns (typ). 
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pPB10A484 N: EK C 


Timing Waveforms 





Chip Select Access Cycle 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of Cs. 
831H-61648 





Address Access Cycle 


Address 


Note: 


[1] CS=VIL. 
831H-61448 





Write Cycle 


Address 





NEC 


NEC Electronics Inc. 


Description 


The uPD10500 is a very high-speed BICMOS RAM witha 
10K ECL interface. Its unique design uses blended 
CMOS and bipolar peripheral circuits and N-channel 
MOS memory cells. The device is organized as 262,144 
words by 1 bit and is designed with an open-emitter 
output (noninverted) and low power consumption. Two 
versions with fast access times of 15 and 20 ns maxi- 
mum are available in hermetic, 300-mil, 24-pin cerdip 
packaging. 


Features 


BiCMOS technology 

262,144-word x 1-bit organization 
10K ECL interface 

Open-emitter output (noninverted) 
Fast access times 

Low power consumption 

300-mil, 24-pin cerdip packaging 


oo0angoaodcuauavdcvuvndmo 


Ordering Information 


Power 
Access Consumption 
Part Number Time (max) (max) Package 


uUPD10500D-15 15 ns 832 mW 24-pin cerdip 


D-20 20ns 


60015 





pPD10500 
262,144 x 1-Bit 
10K BiCMOS ECL RAM 


Pin Configuration 





24-Pin Cerdip 


i=] 
fo 
w 
o 
- 
i=) 
oa 
a 


831H-5970A 


Pin Identification 


Symbol Function 

Ao - Ai7 Address inputs 
DI Data input 

DO Data output 
cs Chip select 
WE Write enable 
Veo: Voca Ground 


VEE ~5.2-volt power supply 


p»wPD10500 


NEC 





Absolute Maximum Ratings 


Supply voltage, Vee -7.0 to +0.5V 
Input voltage, Vix Veg to t0.5V 
_. Output current, lout ~30 to +0.1 mA 
~ “Storage temperature, Tstg -65 to + 150°C 
Storage temperature under bias, Tstq (bias) —-55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

f = 1MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 


Output capacitance Court 6 pF 


Block Diagram 


X-Address Word 
Decoder Driver 


512 x 512 
Memory Cell Array 








Truth Table 

ts WE DI Function Output 
H Xx Xx Not selected L 

L L L Write 0 L 

L L H Write 1 L 

L H xX Read Dout 
Notes: 


{1) X = don't care. 


Sense Amplifier and 


Write Drivers 


Y-Address Decoder 


Ag Aio A1i A12 Aig A14 Ais Ate A17 
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NV. E C uPD10500 


DC Characteristics 
Ta = 0 to +75°C; Veg = -5.2 V +5%; output load = 50 2 to -2.0V; Vog = Voca = OV 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1000 -840 mV Vin = Vig max or Vip min; Ta = 0°C 
-960 -810 mV Vin = Vin max or Vit min; Ta = 25°C 25k 
-900 ~720 mV Vin * Ving max or Vip min; Ta = 75°C 
Output voltage, low VoL -1870 ~1665 mV Vin = Vin, max or Vi_ min; Ta = O°C 
~1850 ~1650 mV Vin = Vin Max or Vit min; Ta = 25°C 
-1880 ~1625 mV Vin = Vig max or Vi_ min; Ta = 75°C 
Output threshold voltage, high VoHc -1020 mV Vin ™ Ving min or Vi_ max; Ta = 0°C 
-980 mV Vin = Vin min or Vi_ max; Ta = 25°C 
-920° mV Vin = Vig min or Vi_ mang Ta = 75°C 
Output threshold voltage, low VoLc 1645 mV Vin = Ving min or Vy. max; Ta = 0°C 
~1630 mV Vin = Vin, min or Vip max; Ta = 25°C 
-1605 mV Vin = Vin, min or Vi_ max; Ta = 75°C 
Input voltage, high Vin -1145 '  =840 mV For allinputs: Ty = 0°C — 
-1105 -810 mV For all inputs: Ta = 25°C 
1045 ~720 mV For allinputs: Ta = 75°C 
Input voltage, low Vit -1870 ~1490 mV For allinputs: Ta = 0°C 
~1850 -1475 mV For all inputs: Ta = 25°C 
-1830 -1450 mV For allinputs: Ta = 75°C 
Input current, high ty 220 pA Vin = Vin, max 
Input current, low he 0.5 170 pA For CS: Vin = Vit min 
-50 pA For all others: Vin = Vi min 
Supply current lee -160 mA All inputs and outputs open 





Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


wo 


»PD10500 N: KE Cc 


AC Characteristics 
Ta = Oto +75 °C; Veg = -5.2V + 5% 




















pPD10500-15 pPD10500-20 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time _taa 15 20 ns 

Chip select access time tacs 10 15 ns 

Chip select recovery time tacs 10 15 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 2 ns 

Data hold time twHp 3 3 ns 

Address setup time twsa 2 2 ns 

Address hold time tWHA 3 3 ns 

Chip select setup time twscs 2 2 ns 

Chip select hold time twHcs 8 3 ns 

Write disable time tws 10 15 ns 

Write recovery time twr 18 23 ns 

Output Rise and Fall Times 

Rise time tr 2 2 ns 

Fail time te 2 2 ns 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and Is (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
measured at a thermal equilibrium established with a transverse (measured between 20% and 80% or 80% and 20%) = 2.5ns; 
air flow maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 


» 


NV. E Cc pPD10500 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) Voca (GND) 





Device Under 
Test 


Notes: 
[1] Rp =50Q. 
[2] CL =30 pF. 





Figure 2. Input Pulse 


Note: 
(1] ta=tp =2.5ns (typ). 
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Timing Waveforms 





Chip Select Access Cycle 





Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 





831H-61648 


Address Access Cycle 


Address 


Note: 
[1] CS = Vi 
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Write Cycle 


Address 
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ECL RAMs 


100K Interface 26 





Application Notes 


Package Drawings 





ECL RAMs (100K Interface) N. KE C 


Section 26 

ECL RAMs (100K Interface) 

p»PB Organization Features 

100422 256 x 4 7-NS 26a 
100470 4K x 1 10-ns 26b 
100474 1Kx 4 4.5-ns 26c 
100474A 1Kx4 5-ns 26d 
100474E 1Kx 4 3-ns 26e 
100476LL AKxX4 6-ns 26f 

100480 16K x 1 10-ns 26g 
100484 4K x 4 10-ns 26h 
100484A 4K x 4 5-ns 26) 

100A484 4K x 4 5-ns 26; 

MPD100500 256K x 1 15-ns; BICMOS =. 26k 


Upcoming Products (101/100K Interface) 


Description Device Number Comments 

16K x 4 pPD101/100494 Taa = 6, 7 ns; 28-pin PDIP/PFP 

16K x 4 yPD101/100494LL Tcycle = 10, 12 ns; 32-pin PDIP/PFP 

32K x 9 puPD101/100509 Tcycle = 6, TDQ= 3; registered I/O, scannable; 52-pin PLCC 


64K x 4 uPD101/100504 Taa = 8, 10 ns; 32-pin PDIP/PFP 


NEC 


NEC Electronics Inc. 


pPB100422 
256 x 4-Bit 
100K ECL RAM 





Description 


The »PB100422 is a very high-speed 100K interface ECL 
RAM organized as 256 words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con- 
sumption. Two versions with fast access times of 7 or 
10 ns maximum are available in 24-pin ceramic DIP or 
ceramic flatpack packaging. 


Features 


256-word x 4-bit organization 

100K ECL interface 

Noninverted, open-emitter outputs 

Fast access times 

Low power consumption 

400-mil, 24-pin ceramic DIP or 24-pin ceramic 
flatpack packaging 


Boadaaan 


Ordering Information 


Access Supply 
PartNumber Time (max) Current (min) Package 
pPB100422D-7 7ns -220 mA 24-pin ceramic DIP 
D-10 10 ns 
#:PB100422B-7 7 ns —220 mA 24-pin ceramic 
Bio. fOns flatpack 





Pin Configurations 


24-Pin Ceramic DIP 







uPB100422 


B3IH-5951A 
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Pin Identification Absolute Maximum Rating 
Symbol = —s Function =. “Supply voltage, Ves toVoo™*” ~7.0 to +0.5V 
Ag - Az Addresses eee _, _ Input voltage, Viny Veg to +0.5V 
BS, - BS, Block select inputs : Output current, lou -30 to +0.1 mA 
Dl, - Dlg Data inputs _* Storage temperature, Tstq . . -65 to +150°C 
DO, - DO, Data outputs . Storage temperature, under blas, Tsta@ (bias) -55 to + 125°C 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
Voc Power supply (current switches and bias driver)’ fect device reliability; exceeding the ratings. could cause permanent 
ee damage. The device should be operated within the limits specified 
“. Veca Power supply (output devices) under DC and AC Characteristics. 
VEE Power supply 
Truth Table 
Capacitance BS WE DI po Function 
Parameter Symbol Min Typ Max Unit H xX xX L Not Selected 
Input capacitance Cin 4 pF L L L L Write “0” 
Output capacitance Court 5 pF L L H L Write “1” 
L H 80 X Data Valid Read 
Notes: 
(1) The Block Select input for each of the four memory blocks is used 
Independently as shown in the block diagram. 
Block Diagram 


Y-Decoder/Driver 


A 7 2 


Memory Cell Array 
(256 Words x 4 Bits) 
Block 1 ~~ Block 2 Block 4 


. 
o 
2 
3 
a 
= 
a 
3 
8 
o 
QO |. 
x< 


BS; Dl; DO, BSo Dio DOg BSg Dig DOg BS4 Dig DO4 





N: E Cc »PB100422 


DC Characteristics 
Ta = Oto +85 °C; Vee = -4.5 V; output load = 502 to -2.0V 








Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high Vor ~1025 ~880 mV Vin = Vin Max or Viv min 

Output voltage, low VoL —1810 -—1620 mV Vin = Vin Max or Vip min 

Output threshold voltage, high VoHcC —1085 mV Vin = Vin, min or Vii max 

Output threshold voltage, low VoLC -1610 mV Vin = Vin min or Vii max 

Input voltage, high Vin ~1165 ~880 mV For all inputs 

Input voltage, low Vit —1810 1475 mV For all inputs 

Input current, high lq 220 HA Vin = Vin max 26a 

Input current, low he 05 170 pA For BS4-BS4: Vin = Vii min 
-50 pA For all others: Viq = Vii min 

Supply current lee ~220 mA All inputs and outputs open 

Notes: 


(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium established with a transverse air flow main- 
tained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85 °C; Vee = -4.5V + 5% 





pPB100422-7 BPB 100422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 
Block select access time taps 5 , 5 ns 
Block select recovery time taps 5 5 ns 
Address access time taa 7 10 ns 
Write Operation 
Write pulse width tw 5 6 ns 
Data setup time twsp 1 2 ns 
Data hold time twHp 1 2 ns 
Address setup time twsa 1 2 ns 
Address hold time twHa 1 2 ns 
Block select setup time twsss 1 2 ns 
Block select hold time twHps 1 2 ns 
Write disable time tws 5 5 ns 
Write recovery time twr 6 9 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 ns 
Output fall time tr 2 2 ns 
Notes: 


(1) Device under test is mounted in a test socket and measured at a (8} The output load is shown in figure 1. 
thermal equilibrium established with a transverse air flow main- (4) Input transition times are shown in figure 2 
tained at greater than 2.0 m/s. : 


(2) All timing measurements are referenced to 50% input levels. 


[e) 


»PB100422 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
[1] Ry =50Q. 
{2} Cy. =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 


NEC 





831H-5947B 
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NV. KE Cc pPB100422 


Timing Waveforms 





Chip Select Access 






Note: 
{1] Address is valid more than 2 ns prior to the low transition of BS. 





83!H-5972B 





Address Access Cycle 


Address 


Note: 
[1] BS = Vy. 
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Write Cycle 


Address 


831H-5955B, 
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NEC 


NEC Electronics Inc. 


Description 


The »1PB 100470 is a very high-speed 100K interface ECL 
RAM with full voltage and temperature compensation. 
The device is organized as 4K words by 1 bit, and is 
designed with an open emitter output (noninverted) for 
low power consumption. Two fast access time versions 
are available: 10 ns maximum and 15 ns maximum. The 
p»PB100470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 


Features 


QO 4,096-word x 1-bit organization 

QO 100K ECL interface with full voltage and temperature 
compensation 

Open emitter output (noninverted) 

Fast access times 

Low power consumption 

300-mil, 18-pin cerdip packaging 


boon 


Ordering Information 


Access 
Part Number Time (max) Package 
p#PB100470D-10 10 ns 18-pin cerdip 
D-15 15 ns 


60025 


»PB100470 
4,096 x 1-BIT 
100K ECL RAM 


Pin Configuration 


18-Pin Cerdip 






~ uPB100470 


B3IH--6061A 





Pin Identification 


Symbol Function 

Ao - Ati Address inputs 
Din Data input 
Dout Data output 
Cs Chip select 
WE Write enable 
Voc Ground 


VEE —4.5-volt power supply 


»#PB100470 N: E Cc 





Absolute Maximum Ratings Truth Table 

Supply voltage, Veg to Voc -7.0t0 t05V CS WE Din Function Output 
Input voltage, Viry Veg to +0.5V H X X Not selected L 
Output current, loyt -30 to +0.1 mA L L L Write 0 L 
Storage temperature, Toyq -65 to + 150°C L L H Write 1 L 
Storage temperature under bias, Tstq (bias) —-55 to + 125°C L H X Read Dout 


Exposure to Absolute Maximum Ratings for extended periods may Notes: 
atfect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


(1) X = don’t care. 





Capacitance 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance  Coyrt 5 pF 





Block Diagram 


X-Address Word 64 x 64 
Decoder Driver Memory Cell 
Array 


Sense Amplifiers and 
Write Drivers 
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NEC 


DC Characteristics 
Ta =O to +85°C; Veg = —4.5 V; output load = 502 to-2.0V 








Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high Vou -1025 ~880 mV Vin = Vin (max) or Viz (min) 
Output voltage, low VoL -1810 ~-1620 mV 
Output threshold voltage, high Vouc ~1035 mV Vin = Ving (min) or Vip (max) 
Output threshold voltage, low VoLc -1610 mV 
Input voltage, high Vin ~1165 ~880 mvV Guaranteed input voltage high for all inputs 
Input voltage, low Vit ~1810 ~1475 mV Guaranteed input voltage low for all inputs 
Input current, high lin 220 pA Vin = Vin (max) 
Input current, low Iie 0.5 170 pA For CS: Vy = Vi (min) 
-50 BA For all others: Vin = Vit (min) 
Supply current lee -220 mA All inputs and outputs open 
Notes: 
(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 
AC Characteristics 
Ta = Oto +85°C; Veg = -4.5V + 5% 
uPB100470-10 #PB100470-15 
Parameter Symboi Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 
Address access time tAA 10 15 ns 
Chip select access time tacs ns 
Chip select recovery time trcs ns 
Write Operation 
Write pulse width tw 10 15 ns 
Data setup time twsp 2 2 ns 
Data hold time twHp 2 2 ns 
Address setup time twsa 3 3 ns 
Address hold time tWHA 2 2 ns 
Chip select setup time twscs 2 2 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 6 8 ns 
Write recovery time twa 10 10 ns 
Output Rise and Fail Times 
Rise time tr 2 2 ns 
Fall time te 2 ns 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 


»PB100470 


»PB100470 N: E Cc 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) 


Device Under 
Test 


Notes: 
[i] Ry =50Q. 
(2] CL =30 pF. 
831H-6036B 





Figure 2. Input Pulse 


Note: 
[1] tR= te =2ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 


831H-5972B 





Address Access Cycle 


Address 


831H-6144B 


Address 
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NEC pPB100474 
1,024 x 4-Bit 


NEC Electronics Inc. 100K ECL RAM 


Description Pin Configurations 


NEC’s uPB 100474 is a very high-speed 100K interface 24_pin Cerdip 
ECL RAM organized as 1,024 words by 4 bits and 
designed with open-emitter, noninverted outputs. It is 
available in a 24-pin cerdip, 24-pin ceramic LCC, or 
24-pin ceramic flatpack package. 






Features 





1024-word by 4-bit organization 

100K interface ECL 

Full voltage and temperature compensation 
Noninverted, open emitter outputs 

Fast access times 

24-pin cerdip, ceramic LCC, and ceramic flatpack 
packaging 


CON ODA RWD 
uPB100474 
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83-003561A 








Ordering Information 


Access Supply 
Part Number Time (max) Current (min) Package 
UPB100474B-6 6 ns -450 mA 24-pin ceramic 
B-8 8 ns -220mA _‘flatpack 
B-10 10 ns 
B-15 15 ns 
HPB100474D-8 8 ns ~220 mA 24-pin cerdip 
D-10 10 ns 
D-15 15 ns 
UPB100474K-4.5 4.5ns —450 mA 24-pin ceramic 
Rp tai saree ey CS LCC 
K-6 6 ns 


831H-5405A 
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NEC 


pPB100474_- 
Block Diagram 


X-Decoder/ 


Memory Cell Array © 
Driver 


64x16x4 


Input 
. Data 


Control 
_ Circuit 


Pin Identification 


an 


Y-Decoder/Driver 


Output 
Data 
Control! 
Circuit 


Absolute Maximum Ratings 


83YL-7258B 





Symbol Function Supply voltage, Veg to Voc -7.0 V to +0.5 
Ag - Ag Addresses Input voltage, Vin +0.5 V to Veg 
Dl, - Dlg Data inputs Output current, lout -30 mA to +0.1 
DO, - DO, Data outputs Storage temperature, Tstq -65 to +150 °C 
WE Write enable Storage temperature under bias, Tgtq (Bias) -55 to +125 °C 
cs Chip select Exposure to Absolute Maximum Ratings for extended periods may 
Voc Power supply (current switches and bias driver) affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
Voca Power supply (output devices) specified under DC and AC Characteristics. 
VEE Power supply 
NC No connection Truth Table 
cs WE Din Output ‘Function 
Capacitance H x x L Not selected 
Parameter Symbol Min Typ»: Max Unit L L L L Write 0 
Input capacitance Cin 4 pF L L H L Write 1 
Output capacitance CouT 5 pF H x Dout Read 
Notes: 


(1) X = don't care. 


N: E Cc pPB 100474 


DC Characteristics 
Ta = 0 to +85°C; Vee = -4.5 V; output load = 50 Qto -2.0V 











Parameter Symbol Min ~. Typ Max “Unit Test Conditions 
Output voltage, high Vou 1025 ~880 “mV Vin = Vin, max or Vy. min 
Output voltage, low VoL -1810 -1620 mV Vin = Vin max or Viz min 
Output threshold voltage, high VoHe -1035 mV Vin = Vin min or Vi max 
Output threshold voltage, low Vote ~-1610 mV Vin = Vin min or Viz max 
Input voltage, high Vin -1165 ~880 mV Guaranteed input voltage high for all inputs 
Input voltage, low ViL -1810 ~-1475 mV Guaranteed input voltage low for all inputs 
Input current, high hy 220 HA Vin = Vi max 
Input current, low hie 0.5 170 yA For CS: Vin = Vip min 
~-50 HA For all others: Viy = Viz min 
Supply current lee —220 mA taa = 8/10/15 ns; allinputs and outputs open 
—450 mA taa = 4.5/6 ns; all inputs and outputs open (Note 2) 
Notes: . 


(2) For the uPB100474-4.5/-6, take measures to reduce the thermal 
resistance and to keep the junction temperature less than 90 °C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 


(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 ms. 


Figure 1. Loading Conditions Test Circuit 


VecIGND] ~—- Vc a [GND] - 


Device 
Under Test 


a 


Note: 


Ri = 50Q 
CL = 30 pF 
83YL-7305B 





Figure 2. Input Pulse 


Note: - 


tR=tp =2.0ns 
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AC Characteristics 
Ta = Oto +85°C; Veg = -4.5V +5% 








»PB100474-4.5 p#PB100474-6 #PB100474-8 pPB100474-10 PB 100474-15 





Parameter Symbol Min Max Min Max Min Max Min Max Min Max Unit 
Read Operation 

Chip select access time tacs 4 4 5 6 8 ns 
Chip select recovery time trcs 4 4 5 6 8 ns 
Address access time taa 4.5 6 8 10 15 ns 





Write Operation 
Write pulse width tw 45 





6 6 10 15 ns 

Data setup time twsp 1 1 1 2 2 ns 
Data hold time twHp 1 1 1 2 2 ns 
Address setup time twsa 1 1 1 3 3 ns 
Address hold time twHa 2 2 1 2 2 ns 
Chip select setup time twscs 1 1 1 2 2 ns 
Chip select hold time twucs 1 1 1 2 2 ns 
Write disable time tws 4 4 5 6 8 ns 
Write recovery time twr 45 6 8 10 10 ns 
Notes: 
(1) The device under test is mounted in atest socketandismeasured (8) See figures 1 and 2 for loading conditions and input pulse timing. 

at a thermal equilibrium established with a transverse air flow For the uPB100474-4.5/-6, C, = 5 pF. For the uPB100474-8/10/15, 

maintained at greater than 2.0 m/sec. C_ = 30 pF. 


For the 1PB100474-4,5/-6, take measures to reduce the thermal (4) Output rise and fall times = 2 ns (typ). 
resistance and to keep the junction temperature less than 90°C. 

Forced air and appropriate fins on the substrate on which the 

package is mounted, or on the package itself, are recommended. 

The thermal resistance of the junction to the case (bottom side) of 

an LCC or flatpack package is less than 10°C/W. 


2 
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AA 


N’ E Cc pPB100474 


Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of cs. 


[2] WE = Vip. 
831H-6164B 





Address Access Cycle 


Address 


Note: 
[1] CS=ViL. 
[2} WE = Vin. 
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Timing Waveforms (cont) 


Write Cycle 


Address 
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NEC Electronics Inc. 


Description 


The »PB100474A is a very high-speed 100K interface 
ECL RAM organized as 1,024 words by 4 bits and 
designed with noninverted, open emitter outputs and full 
voltage and temperature compensation. The device is 
packaged in a 24-pin cerdip or ceramic flatpack. 


Features 


QO 1,024 word by 4-bit organization 

O 100K ECL interface 

O Full voltage and temperature compensation 
© Open emitter outputs (noninverted) 

Q Fast access times 

0 24-pin cerdip and flatpack packaging 


Ordering Information 


Access Supply 
Part Number Time (max) Current(min) Package 
pPB100474AD-5 5ns 250 mA 24-pin cerdip 
AD-6 6ns 
#sPB100474ABH-5 5ns -250 mA 24-pin ceramic 
ABH-6 6ns flatpack 


60020 


Pin Configurations 


24-Pin Cerdip 


uPB100474A 


pPB100474A 
1,024 x 4-Bit 
100K ECL RAM 


83IH-5956A, 
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NEC 





Pin Identification 


Symbol Function 

Ag - Ag Address inputs 

Dl, - Dlg Data inputs 

DO, - DO, Data outputs 

WE Write enable 

Cs Chip select 

Voc Power supply (current switches and bias driver) 
Voca Power supply (output devices) 

Vee —4,5-volt power supply 

NC No connection 

Capacitance 

Ta = 25°C; f = 1MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance C, 4 pF 
Output capacitance Co 6 pF 
Block Diagram 


X-Decoder/ 
Driver 


Control 
Circuit 


Y-Decoder/Driver 


= 
Data 


Absolute Maximum Ratings 


Supply voltage, Veg to Voc -7.0 to +0.5 V 
Input voitage, Vin Veg to +0.5V 
Output current, [out -380 to +0.1 mA 
Storage temperature, Tstq -65 to + 150°C 
Storage temperature under bias, Tstq (Bias) -55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





Truth Table 

Function cs WE Din Output 
Notselected oH xX «XL 
Write 0 L L L L 
Write 1 L L H L 
Read L H X Dout 
Notes: 


(1) X = don't care. 


Memory Cell Array 
64x16x4 


Output 
Data 
Control 
Circuit 


Ag A7 Ag Ag 
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E C pPB100474A 


DC Characteristics 
Ta = 0 to +85°C; Veg = ~4.5 V; output load = 502 to ~2.0V; Voc = Voca = OV 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Von —1025 ~-880 mV Vin = Vin (max) or Viz (min) 
Output voltage, low VoL —1810 -1620 mV Vin = Vin (max) or Viz (min) 
Output threshold voltage, high Vouc -1085 mV Vin = Vin (min) or Vip (max) 
Output threshold voltage, low VoLc -1610 mV Vin = Vin (min) or Vit (max) 
Input voltage, high Vin -1165 -880 mV 
Input voltage, low Vit -1810 -1475 mV 
Input current, high hin 220 pA Vin = Vin, (max) 
Input current, low he 0.5 170 BA For CS: Viy = Viz (min) 

-50 pA For all others: Vin = Viz. (min) 
Supply current lEE ~-250 mA All inputs and outputs open 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 


AC Characteristics 
Ta = 0 to +85°C; Veg = -4.5 V +5%; output load = 50 2 to -2.0V; Voc = Voca = OV 

















pPB100474A-5 pPB100474A-6 

Parameter Symbol Min Typ Max “Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 5 6 ns 

Chip select access time tacs 3 4 ns 

Chip select recovery time tacs 3 4 ns 

Write Operation 

Write pulse width tw 5 6 ns 

Data setup time twsp 1 1 ns 

Data hold time twHD 1 1 ns 

Address setup time twsa 1 1 ns 

Address hold time tWHA 1 1 ns 

Chip select setup time twscs 1 1 ns 

Chip select hold time twHcs 1 1 ns 

Write disable time tws 3 4 ns 

Write recovery time twr 6 7 ns 

Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time tr 2 2 ns 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and is (2) See figures 1 and 2 for loading conditions and input pulse timing. 
measured at a thermal equilibrium established with a transverse Input pulse levels = -—1.7 to -0.9V; input rise and fall times 
air flow maintained at greater than 2.0 m/sec. (measured between 20% and 80% or 80% and 20% ) = 2 ns; input 


and output timing reference levels = 50%. 
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UPB 100474A 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
[1] RL =50 2. 
[2] Cl =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 
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83IH-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of CS. 
831H-61648 





Address Access Cycle 


Address 


Note: 
[1] CS = VIL. 
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Write Cycle 


Address 


831H-5960B 





yPB100474A NV. KE Cc 


NEC 


NEC Electronics Inc. 


Description 


The pPB100474E is a very-high-speed 100K interface 
ECL RAM organized as 1024 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. 


Features 


O 1024-word x 4-bit organization 

O 100K ECL interface 

O Noninverted, open-emitter outputs 

Q Fast access times 

O Full voltage and temperature compensation 
O 24-pin ceramic package, DIP or flatpack 


Ordering Information 


Part Number Access Time (max) Package 
UPB100474EDH-3 3ns 24-pin cerdip 
DH-4 4ns 
PB100474EBH-3 3 ns 24-pin ceramic flatpack 
BH-4 4ns 


Pin Identification 





Symbol Function 

Ao - Ag Address inputs 

Dl, - Dlg Data inputs 

DO, - DO4 Data outputs 

WE Write enable input 

cs Chip select input 

Voc Power supply ground (current switches and bias 
driver) 

Voca Power supply ground (output devices) 

VEE Power supply (-5.2 voits) 


NC No connection 


60225 





MPB100474E 
1024 x 4-Bit 
100K ECL RAM 


Pin Configurations 


24-Pin Cerdip 


»PB100474E 


1 
2 
3. 
4 
5 
6 
7 
8 
9 
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— 
nh 








yHPB100474E NV. ff: } C 


Absolute Maximum Ratings Capacitance 
Supply voltage, Veg to Veg -70t0+05V 0 CSM 
paiva: - Veetooey: corametr Symbol Min Typ Max — Unit 
Storage temperature, TeyaSSt=<‘“‘é~*~™;”!”~*« BS tO HHSC «© OUtpUtCApacitance Cour 5 pF 
Storage temperature under bao, Tera Pi) 88% HEPC Truth Table. —— 
Exposure to Absolute Maximum Ratings for extended periods may ¢s WE Din Output Mode 
font nape Teeceaiee diol beeen eee 28 x x U Not selected 
specified under DC and AC Characteristics. L L L L Write 0 

L L H L Write: 1 

L H X Dout Read 

X = don't care. 


Block Diagram 


Memory Cell Array 
64x 16x4 


Sense Switch || 


Ag Az Ag Ag 
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DC Characteristics 
Ta = 0 to +85°C; Voc = Voca = OV; Veg = -4.5V; output load = 50 Oto -2.0V 

















Parameter Symboi Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1025 —880 mV Vin = Vig max or Vy min; 
Output voltage, low VoL -1810 ~1620 mV Vin = Vin max or Vi_ min; 
Output threshold voltage, high VoHe ~-1035 mV Vin = Vin min or Vy max; 
Output threshold voltage, low Vote —1610 mV Vin = Vin min or Vip max; 
Input voltage, high Vin -—1165 ~880 mV For allinputs: Ta = 0°C 
Input voltage, low Vit -1810 ~1475 mV For all inputs: Ta = 0°C 
Input current, high hy 220 LA Vin = Vin, max 26e | 
Input current, low Ie 0.5 170 LA For CS: Vin = Vip min 

-50 LA For all others: Viy = Vj, min 
Supply current lEE ~330 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5V + 5%; output load = 50 Qto-2.0V 








p»PB100474E-3 #PB100474E-4 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 

Address access time tar 3 4 ns 
Chip select access time tacs 2 3 ns 
Chip select recovery time tacos 2 3 ns 
Write Operation 

Write pulse width tw 5 6 ns 
Address hold time twHA 0.5 0.5 ns 
Chip select hold time twucs 0.5 0.5 ; ns 
Data hold time twHD 0.5 0.5 ns 
Write recovery time twrR 4 5 ns 
Write disable time tws 2 3 ns 
Address setup time twsa 0.5 0.5 ns 
Chip select setup time twscs 0.5 0.5 ns 
Data setup time twsp 0.5 0.5 ns 





Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


(2) See figure 1 for loading conditions and input pulse shape. 
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Figure 1. Test Circuit 
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Input Pulse 
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Timing Waveforms 


Chip Select Access Cycle 





Note: 
[1] Address is valld more than 2 ns prior to the low transition of CS. 
[2] WE =Viy . 





Address Access Cycle 


Note: 
[1] CS=ViL. 
[2} WE = Vin. 
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Timing Waveforms (cont) 


Write Cycle 





NEC 


NEC Electronics Inc. 


Preliminary Information 


Description 


The uPB100476LL is a very-high-speed 100K interface 
ECL RAM organized as 1024 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. 


The device integrates input latches, high-speed ECL 
RAM, output latches, and a write pulse generator. The 
synchronous design allows precise cycle control by 
use of an internal clock. 


Features 


1024-word x 4-bit organization 

100K ECL interface 

High-speed clock cycle: 6 ns 

Latched I/O 

Self-timed write 

28-pin ceramic package, DIP or flatpack 


OOaodo00n890 


Ordering Information 


Part Number Access Time (max) Package 
“PB100476LLDH-6 6 ns 28-pin cerdip 
BH-6 6 ns 28-pin ceramic flatpack 


Pin Identification 


Symbol Function 

Ag - Ag Address inputs 

Dl - Dlg Data inputs 

DO, - DO, Data outputs 

CLK, CLK Clock inputs 

cs Chip select input 

WE Write enable input 

VBB Reference voltage output 

Voc Power supply ground (current switches and bias 
driver) 

Voca Power supply ground (output devices) 

VEE Power supply (-5.2 volts) 


NC No connection 
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pPB100476LL 
1024 x 4-Bit 


100K ECL Synchronous RAM 


Pin Configurations 


28-Pin Cerdip 


»PB100476LL. 
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PB 100476LL 


Block Diagram 


Memory Cell Array 


Address © 19 


64x16 x4 


. re Read/Write Sense 
D Q 


Write Pulse Generator 


Reference Voltage 
Generator 


Absolute Maximum Ratings Capacitance 
Supply voltage, Vee to Voc ~7.0 to +0.5V ie 
Input voltage, Vin Veg to +0.5V Peenr™ ene 
Output current, lout -30 to +0.1 mA mpuboapecitence Cin 
Storage temperature, Tstg —65 to + 150°C Cutput capacitance Court 
Storage temperature under bias, Tst¢ (bias) -55 to + 125°C Truth Table 
Exposure to Absolute Maximum Ratings for extended periods may ¢s WE Din 
affect device reliability; exceeding the ratings could cause perma- H X X 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. L L L 

L L H 

L H X 

X = don’t care. 


NEC 


Output 
L 
L 
L 


Dout 





Max Unit 
pF 
pF 


Mode 
Not selected 
Write 0 
Write 1 
Read 


NV. E Cc uPB100476LL 


DC Characteristics 
Ta = 0 to +85°C; Voc = Voca = OV; Veg = —-4.5 V; output load = 50 Qto -2.0V 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1025 ~880 mV Vin = Vin max or Vip min 
Output voltage, low VoL —1810 -1620 mV Vin = Ving max or Vip min 
Output threshold voltage, high VoHo -1035 mV Vin = Vin min or Vy max 
Output threshold voltage, low Voc -1610 mV Vin = Vin min or Vip max 
Input voltage, high Vin ~-1165 -880 mV Guaranteed input voltage high for all inputs 
Input voltage, low Vit ~1810 ~1475 mV Guaranteed input voltage low for all inputs 
Input current, high NH 220 LA Vin = Vin max 
Input current, low We 0.5 170 HA For CS: Vin = Vp min 
—-50 HA For all others: Viy, = Vi_ min 
Supply current lee —350 mA All inputs and outputs open 
Reference voltage VeBB ~1390 ~1250 mV 
Notes: 


(1) The device under test is mounted in atest socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V +5%; output load = 50 Oto -2.0 V © 


pPB100476LL-6 


Parameter Symbol Min Typ ~—s Max Unit Test Conditions 

Address access time ta(Add) 2.5 ns tsa = 0.5 ns 

Clock access time ta(clk) 3.3 ns tWwicikkh = 1.5 ns 

CS access time tacs) 2.3 ns tgo = 0.5 ns 

Data access time tan 2.3 ns tsp = 0.5 ns 

Write access time taw 2.3 ns tow = 0.5 ns 

Clock cycle time tcyc 6 ns 

Data release time tor 0.3 1.8 ns twLcik) > tacik Max, tga > taiadd) Max, 
tsc > tarcs) Max, tsp > tarp) Max 

Address hold time tHa 1 ns 

CS hold time tc 1 ns 

Data hold time tub 1 ns 

WE hold time tuw 1 ns 

Address setup time tsa 0.5 ns 

CS setup time tgc 0.5 ns 

Data setup time tsp 0.5 ns 

WE setup time tow 0.5 ns 

Clock high-pulse width tWH(Clk) 4.5 ns 

Clock low-pulse width twL(Clk) 1.5 ns 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


(2) See figure 1 for loading conditions and input pulse shape. Figure 2. Clock Input Modes 





Differential Mode 


Figure 1. Test Circuit 100476LL 


100476LL 


Input Pulse 
~0.9V 


100476LL 
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Timing Waveforms 


Address Access, Read Mode 
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Timing Waveforms (cont) 


Chip Select Access, Read Mode 


~<———--_____—--toy¢ tcYc 


WH (Cik) <—— tw (Cik) tWH (Clk) <——tw_ (Clk) 


CLK 
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Timing Waveforms (cont) 


Clock Access, Read Mode 
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Timing Waveforms (cont) 


Write Mode 
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NEC 


NEC Electronics Inc. 


Description 


The uPB 100480 is a very high-speed 100K interface ECL 
RAM with full voltage and temperature compensation. 
The device is organized as 16,384 words by 1 bit and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with fast access 
times of 10ns and 15 ns maximum are available. The 
¢PB100480 is packaged in a hermetic, 300-mil, 20-pin 
cerdip or 20-pin ceramic flatpack. 


Features 


QO 16,384-word x 1-bit organization 

QO 100K ECL interface with full voltage and 
temperature compensation 

Noninverted, open-emitter outputs 

Fast access times of 10 and 15ns maximum 
Low power consumption 

300-mil, 20-pin cerdip or 20-pin ceramic flatpack 
packaging 


ooo go 


Ordering Information 


Power 
Access Consumption 
Part Number Time (max) (max) Package 
UPB100480D-10 10 ns 1.2W 20-pin cerdip 
D-15 15 ns 1.1W 
UPB100480B-10 10 ns 1.2W 20-pin ceramic 


B-15 15ns 1.4W OTE BER 
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Pin Configurations 


20-Pin Cerdip 


uPB100480 
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a 
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(=) 
oO 
od 
a 
a 
= 


- pPB 100480 
16,384 x 1-Bit 
100K ECL RAM 
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Pin Identification Absolute Maximum Ratings 
Symbol Function Supply voltage, Veg -7.0 to +0.5V 
Ao - Aig Address inputs Input voltage, Vin Veg to +0.5 V 
DI Data input Output current, lout -30 to +0.1 mA 
DO Data output Storage temperature, Tstg -65 to + 150°C 
Cs Chip select Storage temperature under bias, Tsyq (bias) -55 to +125°C 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
Voc Ground affect device reliability; exceeding the ratings could cause permanent 
ee ee damage. The device should be operated within the limits specified 
VEE ~4.5-volt power supply under DC and AC Characteristics. 
Capacitance Truth Table 
Ta = 25°C; f = 1 MHz <= — 
ee cs WE Din Output Mode 
Parameter Symbol Min Typ Max Unit 
eae ge Se eg H X X L Not selected 
Nput capacitance 4 
a ae SR L L L L Write 0 
utput capacitance 
Ce OUT a ca ie L H L Write 1 
iL H x Dout Read 
Notes: 


(1) X = don't care. 


Block Diagram 


X-Address Word Memory Cell 
Decoder Driver Array 128 x 128 


Sense Amp. and 
Write Drivers 


Y-Address Decoder 


Az Ag Ag Ato Ant Ai2 Aig 


831H-4992B 
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DC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V; output load = 502 to -2.0V; Voc = OV 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1025 ~880 mV Vin = Vin max or Vip min 
Output voltage, low VoL -1810 ~-1620 mV Vin = Vin max or Vi min 
Output threshold voltage, high VonHic -1035 mV Vin = Vin min or Vit max 
Output threshold voltage, low VoLc ~1610 mV Vin = Vin min or Vi_ max 
Input voltage, high Vin —1165 —880 mV Guaranteed input voltage high for all inputs 
Input voltage, low Vit -1810 —1475 mV Guaranteed input voltage low for all inputs 
Input current, high hin 220 BA Vin = Ving max 
Input current, low hie 0.5 170 pA For CS: Vin = Vit min 
~-50 pA For all others: Viy = Vi_ min 
Supply current leg ~260 mA For 4PB100480-10: all inputs and outputs open 
-240 mA For »PB100480-15: all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5V +5% 














p»PB100480-10 PB 100480-15 

Parameter Symbol “Min Typ. Max, Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 10 15 ns 

Chip select recovery time tacs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twp 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHA 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 11 17 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) Input pulse tevels = -1.7 to -0.9V; input rise and fail times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
maintained at greater than 2.0 m/s. and output timing reference level = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 
(2] Cy =30 pF. 





831H-6036B 


Figure 2. Input Pulse 


Note: 
[1] ta=te =2.5ns (typ). 
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Timing Waveforms 





Chip Select Access Cycle 





Note: 


[1] Address is valid more than 2 ns prior to the low transition of Cs. 
831H-6164B 





Address Access Cycle 


Address 


Note: 


1] CS=V 
le 83IH-5954B 





Write Cycle 


Address 
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NEC 


NEC Electronics Inc. 


Description 


The »PB100484 is a very high-speed 100K interface ECL 
RAM organized as 4,096 words by 4 bits with open- 
emitter outputs (noninverted). It is available in 28-pin 
cerdip or flatpack packages. 


Features 


QO 4,096-word x 4-bit organization 

0 100K ECL interface 

O Full voltage and temperature compensation 

O Open-emitter outputs (noninverted) 

O Fast access times and low power consumption 
O 28-pin cerdip and 28-pin flatpack packaging 


Ordering Information 
Access Supply Current 


PartNumber Time (max) (min) Package 

wPB100484D-10 10 ns -260 mA 28-pin cerdip 
D-15 i5ns —240 mA 

PBI00484B-10 10 ns ~260mA —_ 28-pin ceramic 
B15 15ns ~240ma _‘atpack 
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Pin Configurations 


28-Pin Cerdip 
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wPB100484 


uPB100484 
4,096 x 4-Bit 
100K ECL RAM 
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Pin Identification Absolute Maximum Ratings 








Symbol Function 
Aj-Ai;.~dAddressinputs—=—“‘(i‘ié(t'"')7‘#‘é‘iwDmD"''’. Supply voltage, Vee -7.0 to +0.5 V 
Diy - Dlg Data inputs ~ Input voltage, Vin Veg to +0.5V 
DO,-DO, ~*Dataoutputs tt tti(‘CSé;OC;*~*~™S Output current, lout -30 to +0.1 mA 
WE, WE. +~«SWriteenable (actively) (ttC~™S Storage temperature, Tstg -65 to + 150°C 
CS —S—sé‘i«‘:;*‘«Sip Select activelow)— (ttttti(<itstst~™S Storage temperature under bias, Tstq (bias) —55 to +125°C 
Voc Power supply (current switches and bias driver) Exposure to Absolute Maximum Ratings for extended periods may 
SSS eee affect device reliability; exceeding the ratings could cause permanent 
VoCA Power supply (output devices) damage. The device should be operated within the limits specified 
VEE -4.5-volt power supply under DC and AC Characteristics. 
. NC No connection 
Truth Table 
Capacitance cs WE Ow Output Mode 
f = 1 MHz H x X L Not selected 
Parameter Symbol Min Typ Max Unit L L (Note 2) L L Write 0 
Input capacitance Cin 4 pF L L (Note 2) H L Write 1 
Output capacitance = Cout 6 PF kL H (Note 2) X Dout Read 
Notes: 


(1) X = don’t care. 


(2) Both WE, and WE, must be low to initiate write operation. For 
read operation, either WE; or WEd or both must be high, 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 128 x 32 x4 


Input mae Sense/Switch a 


Data Output 


Data 


Control Y-Decoder/Driver Control 


Circuit Circuit 


A7 Ag Ag Ajo Ait 
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DC Characteristics 
Ta = Oto +85°C; Veg = —4.5 V; output load = 50 & to -2.0V; Voc = Voca = OV 














Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high Von ~1025 -880 mV Vin = Vin max or Vip min 

Output voltage, low VoL ~1810 -1620 mV Vin = Vin Max or Vip min 

Output threshold voltage, high VoHc -1035 mV Vin = Vin Min or Vii max 

Output threshold voltage, low Votc -1610 mV Vin = Vin min or Vi_ max 

Input voltage, high Vin —1165 -880 mV 

Input voltage, low Vit -1810 1475 mV 

Input current, high he 220 pA Vin = Vin, max 

input current, low bie 0.5 170 pA For CS: Vin = Vi_ min 
-50 pA For all others: Viy = Vi. min 26h 

Supply current lee -260 mA For »PB100484-10: all inputs and outputs open 
-240 mA For »PB100484-15: all inputs and outputs open 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V +5%; output load = 50 2 to ~2.0 V; Voc = Voca = OV 




















#PB100484-10 pPB100484-15 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 10 15 ns 

Chip select recovery time tracs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twHp 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHa 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 11 17 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) See figure 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = —1.7 to -0.9 V; input rise and fall times = 
maintained at greater than 2.0 m/s. 2.5 ns; input and output timing reference levels = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) Vceca (GND) 


Device Under 
Test 


Notes: 
[1] Rp =50Q. 
(2] CL =30 pF 
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Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 





831H-5948B 


»PB100484 NV. E Cc 


Timing Waveforms 


Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 
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Address Access Cycle 


Address 


Note: 


{1] CS =VIL. 
831H-6144B 





Write Cycle 


Address 
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NEC Electronics Inc. 


Description 


The »PB100484A is a very high-speed 100K interface 
ECL RAM. It is organized as 4,096 words by 4 bits with 
noninverted, open-emitter outputs and low power con- 
sumption. Two access time versions are available: 5 ns 
and 7 ns maximum. The »PB100484A is available in a 
hermetic, 400-mil, 28-pin cerdip or 28-pin ceramic flat- 
pack. 


Features 


4,096-word x 4-bit organization 

100K ECL interface 

Full voltage and temperature compensation 
Noninverted, open-emitter outputs 

Fast access times: 5 and 7 ns maximum 

Low power consumption 

400-mil, 28-pin cerdip or 28-pin ceramic flatpack 
packaging 


ooon0a0ag 00 


Ordering information 
Access Supply current 


Part Number Time (max) (min) Package 

pPB100484AB-5 5ns ~260 mA 28-pin ceramic 
B7 = 7ns ~240ma_—‘atpack 

pPB100484AD-5 5ns -260 mA 28-pin cerdip 
D-7 7ns ~240 mA 
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Pin Configurations 


28-Pin Cerdip 


uPB100484A 
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»PB100484A 
4,096 x 4-BIT 
100K ECL RAM 
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Pin Identification Capacitance 

Symbol Function Parameter Symbol Min Typ Max Unit Test Conditions 
Ao - Adi Address inputs Input Cin 4 pF 
Dl; - Dig Data inputs Gapec lien? 

Output Cout 6 pF 
DO, -DO4 Data outputs capacitance 
WE,, WE Write enable (active low) 
cs Chip select (active low) Truth Table 
Voc Power supply (current switches and bias drive) CS WE Din Output Function 
Voca Power supply (output devices) H. Xx X L Not selected 
Vee — 4.5-volt power supply L L (Note 2) L L Write 0 
NC No connection L L (Note 2) H L Write 1 
L H (Note 2) xX Dout Read 

Absolute Maximum Ratings 
Voc = Voca = 0V Notes: 
Supply voltage, Veg -7.0t0 +0.5V (1) X= don'tcare. 
input voltage, Vi Vee to +05V —*(): Both WE, and WE2 must be low to initiate write operation. For 
—_-_--:--_ > vhwmwRRPRe tead operation, either WE, or WE» or both must be high. 
Output current, lout -30 to +0.1mA 
Storage temperature, Tstg - 65 to +150°C 

Under bias, Tgtg (bias) - 55 to +125 °C 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 128 x 32x4 


Data 


Cog Y-Decoder/Driver Control 
Circuit 


= Lee ET 


A7 Ag Ag Aig Ait 
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DC Characteristics 
Ta = Oto +85°C; Vee = - 4.5 V; output load = 50 Q to - 2.0 V; Voc = Voca = OV 








Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH — 1025 — 880 mV Vin = Vin, max or Vi, min 

Output voltage, low VoL — 1810 ~ 1620 mV Vin = Ving max or Vi min 

Output threshold voltage, high VoHC — 1035 mV Vin = Ving min or Vy max 

Output threshold voltage, low VoLc —- 1610 mV Vin = Vin min or Vip max 

Input voltage, high Vin ~ 1165 — 880 mV 

Input voltage, low Vit ~ 1810 . — 1475 mV 

Input current, high hH 220 pA Vin = Vin max 

Input current, low lit 0.5 170 BA For CS: Vin = Vi_ min 
-50 pA For all others: Viq = Vi_ min 

Supply current lee — 260 mA For #PB100484A-5: All inputs and outputs open 
~ 240 mA For 4PB100484A-7: All inputs and outputs open 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
(1] RE =50Q. 


CL = err. 831H-5947B 
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AC Characteristics 
Ta = Oto +85°C; Vee = —- 4.5 V + 5%; output load = 502 to-2.0 V; Voc = Voca = OV 



































pPB100484A-5 »PB100484A-7 . 
Parameter . Symbol Min Typ § Max Min Typ Max Unit Test Conditions 
Read Operation 
Address access time taa 5 7 ns 
Chip select recovery time  tacs 3.5 4 ns 
Chip select access time tacs 3.5 4 ns 
Write Operation 
Write pulse width tw 6 8 ns 
Data setup time twsp 1 1 ns 
Data hold time twHpD 2 2 ns 
Address setup time twsa 1 1 ns 
Address hold time tWHA - 2 2 ns 
Chip select setup time twscs 1 1 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 3.5 5 ns 
Write recovery time twr 7 9 ns 
Output Rise and Fall Times 
Output rise time ta 2 2 ns 
Output fall time tr 2 2 ns 
Notes: 
(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow input pulse levels = — 1.7 to ~ 0.9 V; input rise and fall times = 
maintained at greater than 2.0 m/s. 2.5 ns; input and output timing reference levels = 50%. 


Figure 2. Input Pulse 


Note: 
[1] th=tp =2.5 ns (typ). 
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Timing Waveforms 


Read Cycle 








Address 
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Write Cycle 


Address 


83!H-5950B 





uPB100484A NV: E Cc 


NEC »PB100A484 
4,096 x 4-Bit 


NEC Electronics Inc. 100K ECL RAM 


Description Pin Configurations 


The »PB100A484 is a very high-speed 100K interface  2§_pPin Cerdip 
ECL RAM organized as 4K words by 4 bits and designed 
with open emitter outputs (noninverted). It is available in 
28-pin cerdip or flatpack packages. 


Features 


4096 word x 4-bit organization 

100K ECL interface 

Full voltage and temperature compensation 
Open emitter outputs (noninverted) 

Fast access times and low power consumption 
28-pin cerdip and flatpack packaging 

Center power pins 


s 
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Ordering Information 





Access Time Supply Current 831H-6069A 
Part Number (max) (min) Package 
p.PB100A484B-5 5ns TBD 28-pinceramic #28-Pin Ceramic Flatpack 
By. 7ns  4'BD flatpack 
#PB100A484D-5 5ns TBD 28-pin cerdip 
D-7 7ns TBD 


uPB100A484 
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Pin Identification 


Symbol Function 

Ao ~ Ati Address inputs 

Diy - Dlg Data inputs 

DO, - DO, Data outputs 

WE Write enable input (active low) 

Cts Chip select (active low) 

Voc Power supply (current switches and bias driver) 
VoCA Power supply (output devices) 

VEE —4.5-volt power supply 

NC No connection 

Capacitance 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 


Output capacitance Court 6 pF 


Block Diagram 


X-Decoder/ 
Driver 


Control 
Circuit 


=) een = 


NEC 


Truth Table 

ts WE Din Output Function 
H Xx L. Not selected 
L L L L Write 0 

L L H L Write 1 

L H X Dout Read 
Notes: 

(1) X = don’t care. 

Absolute Maximum Ratings 

Voc = Veca = OV 

Supply voltage, Vee -7.0to +0.5V 
Input voltage, Vin Veg to'+0.5 V 
Output current, lout ~30 to +0.1 mA 
Storage temperature, Tstg -65 to + 150°C 


Storage temperature under bias, Tstq (Bias) -55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Memory Cell Array 
128 x32 x4 


Y-Decoder/Driver 


Circuit 


A7 Ag Ag Ato Aqt 
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DC Characteristics 
Ta = Oto +85°C; Veg = —4.5 V; output load = 50 2 to -2.0V; Voc = Voca = OV 


y 











Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high Vou —1025 ~880 mV Vin = Vin, (max) or Viz (min) 

Output voltage, low VoL -1810 ~1620 mV Vin = Ving (max) or Vi (min) 

Output threshold voltage, high VoHc ~1035 mV Vin = Vin (min) or Vip (max) 

Output threshold voltage, low VoLc -1610 mV Vin = Vin (min) or Viz (max) 

Input voltage, high Vin -1165 —880 mV 

Input voltage, low Vit —1810 ~-1475 mV 

Input current, high he 220 pA Vin = Vin (max) 

Input current, low We 0.5 170 pA For CS: Vin = Vit (min) . 
-50 nA For all others: Viy = Vi. (min) 26} 

Supply current leg TBD mA #.PB100A484-5: all inputs and outputs open 
TBD mA pPB100A484-7: all inputs and outputs open 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/sec. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V +5%; output load = 502 to -2.0V; Voc = Voca = OV 




















»PB100A484-5 pPB100A484-7 
Parameter Symbol Min Typ Max Min Typ. Max Unit Test Conditions 
Read Operation 
Address access time taa 5 7 ns 
Chip select recovery time tacs 3.5 4 ns 
Chip select access time tacs 3.5 4 ns 
Write Operation 
Write pulse width tw 6 8 ns 
Data setup time twsp 1 1 ns 
Data hold time twHpb 2 2 ns 
Address setup time twsa 1 1 ns 
Address hold time twHa 2 2 ns 
Chip select setup time twscs 1 1 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 3.5 5 ns 
Write recovery time twr 7 9 ns 
Output Rise and Fall Times 
Output rise time ta 2 2 ns 
Output fall time te 2 2 ns 
Notes: 


(2) See figures 1 and 2 for loading conditions and input pulse timing. 
Input pulse levels = ~1.7 to -0.9 V; input rise and fall times = 
2.5 ns; input and output timing reference levels = 50%. 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


ao 
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Figure 1. Loading Conditions Test Circuit 





Vec (GND) Veca (GND) 


Device Under 
Test 


Notes: 
(1) RL =50a. 
[2] CL =30 pF. 
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Figure 2. Input Pulse 


Note: 
(1] tR= IF =2ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 
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Address Access Cycle 





Address 
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Write Cycle 


Address 
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NEC cones 
262,144 x 1-Bit 


NEC Electronics Inc. | 100K BiCMOS ECL RAM 


Description Pin Configuration 


The uPD100500 is a very high-speed BICMOS RAM with —_ 24 pin Cerdip 
full voltage and temperature compensation for a 100K 
ECL interface. Its unique design uses blended CMOS 
and bipolar peripheral circuits and N-channel MOS 
memory cells. The device is organized as 262,144 words 
by 1 bit and designed with an open-emitter output 
(noninverted) for low power consumption. Two ver- 
sions with fast access times of 15 and 20 ns maximum 
are available in hermetic, 300-mil, 24-pin cerdip pack- 


aging. 
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Features 


O BiCMOS technology 
O 262,144-word x 1-bit organization 


QO 100K interface ECL with full voltage and Pin Identification 
temperature compensation 
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Symbol Function 

5 ; ee 
Noninverted, eee emitter output . Ao- Ay Adcraseingute 
O Fast access times of 15 and 20 ns maximum Din Data input 
O Low power consumption Dour Data output 
QO 300-mil, 24-pin cerdip packaging GS Chip select 
F P WE Write enable 

Ordering Information 

Voc Ground 

Power 
Access Consumption VEE —4,5-volt power supply 

Part Number Time (max) (max) Package 
UPD100500D-15__ 15 ns 720 mW 24-pin cerdip 


D-20 20 ns 
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NEC 





Absolute Maximum Ratings 


‘Supply voltage, Vee -7.0 to +0.5 V 
Input voltage, Vin Veg to +0.5V 
Output current, lout ~-30 to +0.1 mA 
Storage temperature, Tstq ~65 to + 150°C 
Storage temperature under bias, Tstg (bias) ~55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Court 6 pF 


Word 
Driver 


Block Diagram 


X-Address 
Decoder 


§12x 512 
Memory Cell Array 





Truth Table 

cs WE Din Output Mode 

H X X L Not selected 
L L L L Write 0 

L L H L Write 1 

L H X Dout Read 
Notes: 


(1) X = don't care. 


Sense Amplifiers and 


Write Drivers 


Y-Address Decoder 


Ag Ajo Aiy Ai2 Aig Ai4 Ais Ate A17 
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DC Characteristics 
Ta = 0 to +85°C; Vee = —4.5 V; output load = 50 2 to ~2.0V; Vog = OV 











Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high Vou ~1025 ~880 mV Vin = Vip, Max or Viz min 
Output voltage, low VoL ~1810 ~1620 mV Vin = Vix max or Vip min 
Output threshold voltage, high VoxHic -1035 mV Vin = Vin min or Vip max 
Output threshold voltage, low VoLc -1610 mV Vin = Vin min or Viz. max 
Input voltage, high Vin -1165 —-880 mV Guaranteed input voltage high for all inputs 
Input voltage, low Vit -1810 -1475 mV Guaranteed input voltage low for all inputs 
Input current, high Iw 220 pA Vin = Vip max 26k 
Input current, low lie 0.5 170 BA For CS: Vin = Vi_ min 
~50 pA For all others: Viq = Vip min 
Supply current lee -160 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5V + 5% 




















pPD100500-15 pPD100500-20 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 15 20 ns 

Chip select access time tacs 10 15 ns 

Chip select recovery time tacs 10 15 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twup 3 3 ns 

Address setup time twsa 2 2 ns 

Address hold time twHA 3 3 ns 

Chip select setup time twscs 2 2 ns 

Chip select hold time twHcs 3 8 ns 

Write disable time tws 10 15 ns 

Write recovery time twa 18 23 ns 

Output Rise and Fall Times 

Rise time tr 2 2 ns 

Fall time tr 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and is measured (2) Input pulse levels = -1.7 to -O9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.5ns; 
maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 
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Figure 1. Loading Conditions Test Circuit 


Notes: 
[1] AL =50Q. 
[2] CL =30 pF. 





Figure 2. Input Pulse 


Note: 
[1] tR=te = 2.5 ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 





Address Access Cycle 


Address 
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Write Cycle 


Address 
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Package Drawings 





EEPROMs 


Section 27 
EEPROMs 


uPD 
28004 
28C05 
28C 64 
28C 256 


Organization 
512x 8 
512x8 

8K x 8 

32K x 8 


27a 
27b 
27c 
27d 


NEC 


NEC 


NEC Electronics Inc. 


Description 


The pPD28C04 is a 4,096-bit electrically erasable and 
programmable read-only memory (EEPROM) orga- 
nized as 512 x 8 bits and fabricated with an advanced 
CMOS process for high performance and low power 
consumption. 


The device operates from a single + 5-volt power sup- 
ply and provides a DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming cycles. The 
UPD28C04 is available in standard 24-pin plastic DIP or 
miniflat packaging. 


Features 


Fast access times of 200 and 250 ns maximum 
Single + 5-volt power supply 

Chip erase feature 

Auto erase and programming at 10 ms maximum 
DATA polling verification 

Low power dissipation 

— 50 mA max (active) 

— 100 LA max (standby) 

Endurance: 100,000 erase/write cycles per byte 
TTL-compatible inputs and outputs 
Three-state outputs 

Advanced CMOS technology 

24-pin plastic DIP or miniflat packaging 
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Ordering Information 


Part Number Access Time (max) Package 

pPD28C04C-20 200 ns 24-pin plastic DIP 
C-25 250 ns 

UPD28C04G-20 200 ns 24-pin plastic miniflat 


G-25 250 ns 
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pPD28C04 
512 x 8-Bit 
CMOS EEPROM 


Pin Configuration 


24-Pin Plastic DIP or Miniflat 
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Pin Identification 


Symbol Function 

Ag - Ag Address inputs 

Oo - YVO7 Data inputs/outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


pPD28C04 


Absolute Maximum Ratings 


Supply voltage, Voc -0.6 to+7.0V 
Input voltage, Vijy -0.6 to +7.0V 
Input voltage, Vig (OE) -0.6 to + 16.5 V 
Output voltage, Vo -0.6 to+7.0V 
Operating temperature, Topy - 10 to + 85°C 


Storage temperature, Tgtg —65 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 
Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 


Parameter 


Input voltage, high Vin 2.0 Veo+ 03 =V 
Input voltage, low VIL -0.3 0.8 Vv 
Ambienttemperature Ta 0 70 °C 


Block Diagram 


Control Logic 
and 


Timing Circuits 


Address Latches 
Address Buffers 


NEC 


Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Voyt = OV 


Parameter Symbol Min Typ Max Unit 
Input capacitance C, 7 12 pF 
Output capacitance Co 10 pF 
Truth Table 
Function CE OE WE Ke) loc 
Read Vie Vit Vin Dout Active 
Standby and) Vin xX X High-Z Standby 
write inhibit 
Write Vii Vin Vie Din Active 
Chip erase Vir Vine Vit Din = Vin Active 
Write inhibit xX Vit X ~ _ 

X X Vin 
Notes: 


(1) X can be either Viv or Vy. 
(2) Vinh = +15 +0.5 V. 


VO9 VO; VOz VO3 VO4 VOs VOg VO7 


VO Buffers 
Data Latch 


Y-Gating 


4,096-Bit 
Memory Cell Array 
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DC Characteristics 


Ta = Oto +70°C; Voc = +5.0V + 10% 





























Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vout 2.4 V lon = —400 yA 

Von2 Voc - 0.7 V lon = -100 pA 
Output voltage, low VoL 0.45 V lol = 2.1mA 
Output leakage current ILo 10 uA Vout = 0 toVoco 
Input leakage current ly 10 HA Vin = 0to Voc 
Voc current (active) locat 20 mA CE = Vit; Vin = Vin 

Ioca2 50 mA f = 5MHz; lout = OMA 
Voc current (standby) locsi 1 mA CE = Vin 

locse 100 HA CE = Voc; Vin = OV to Vog 
AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 

»PD28C04-20 pPD28C04-25 

Parameter Symbol Min Max Min Unit Test Conditions 
Read Operation 
Address to output delay tacc 200 ns CE = OF = Vi; WE = Vin 
CE to output delay tog 200 ns OE = Vy; WE = Viy 
CE high to output float tpFc fe) 60 0) ns OE = Vi; WE = Vin 
OE high to output float toro 60 ns CE = Vi; WE = Vin 
OE to output delay toe 10 75 10 ns CE = Vi; WE = Vin 
Output hold time from toHa 0 0 ns CE = OE = Vy; 
address change WE = Vj (Note 2) 
Output hold time from rising — tonic f°) 0) ns OE = Viz; WE = Viy (Note 2) 
edge of CE 
Output hold time from rising too 0 ie) ns CE = Vy; WE = Vin 
edge of OE 
WE hold time from rising twHo 10 10 ns OE = Vin 
edge of OE 
WE setup time to CE twsc 10 10 ns CE = Vin 
WE setup time to OE twso 10 10 ns OE = Vin 
Write Operation 
Address hold time taH 200 200 ns 
Address setup time tas 10 10 ns 
CE high after CE-controlled = toey 9.9 9.9 ms 
write cycle 
Write hold time ton 0 ns 
Write setup time tos 0 ns 
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AC Characteristics (cont) 




















_pPD28C04-20 »PD28C04-25 
Parameter “i ~ Symbol Min - Max — Min Max... Unit Test Conditions 
Write Operation (cont) 
CE pulse width tow 150 150 ns 
Data hold time a tou 20 20 ns 
Data setup time tos 100 _ 100 ns ° 
Data valid time tov 300 300 ns . 
OE high holdtime toeH 10 10 ns 
GE high setup time togs 10 10 ns 
Write cycle time two 10 10 ms 
WE high after WE-controlled = twen 9.9 9.9 - ms 
write cycle 
WE pulse width twp 150 150 ns 
~ WE high hold time tweH 50 50 ns 
Chip Erase Operation 
CE hold time tecH 5 5 us 
CE setup time tEcs 500 500 ns 
Data hold time tEDH 100 100 ns 
Data setup time teps 500 500 ns 
OE hold time tEOEH tecH + 3 tecu + 3 ys 
OE setup time tEoES 500 500 ns 
WE pulse width tewe 10 10 ms 
Notes: 
(1) See figure 1 for the output load. Input rise and fall time < 20 ns; (2) Output hold time is specified from address, OE or CE, whichever 
input pulse levels = 0.45 and 2.4 V; timing measurement refer- goes invalid first. 


ence levels = 0.8 and 2.0 V for both inputs and outputs. 


Figure 1. Output Load 
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Timing Waveforms 


Read Cycle 





High Impedance High impedance 


Notes: 

[1] Use tpgc if CE transitions to Vj4 before OE transitions to Vj. 

[2] Use tproif OE transitions to V 4 before CE transitions to Vy 

[3] OE may be delayed for read operation up to tacc - tog after 
the falling edge of CE without impacting tacc. 
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Timing Waveforms (cont) 


WE-Conitrolled Write Cycle 


vo 
DIN 


vO 
Dout 





High Impedance 


Notes: 


[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

{2} The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at VIL: 
Parameter twp is defined only for the period when both 
CE and WE are at VIL - 


83)H-62238 


NV. E C uPD28C04 


Timing Waveforms (cont) 


CE-Controlled Write Cycle 





High Impedance 










Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vit. 

Parameter t cwis defined only for the period when both 

CE and WE are at ViL- 
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Timing Waveforms (cont) 


Chip Erase Cycle 





NEC 


Read Cycle 


Both CE and OE must be at Vj, in order to read stored 
data. While the device is executing read cycles, bring- 
ing either of these inputs to Vy will place the outputs in 
a State of high impedance. This two-line output control 
allows bus contention to be eliminated in the system 
application. 


Byte Write Cycle 


Low levels on CE and WE and a high level on OE place 
the uPD28C04 in write operation. The write address 
inputs are latched by the falling edge of either CE or 
WE, whichever occurs later. The data inputs are latched 
by the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write cycles begin executing, inter- 
nal circuits assume all timing control and the byte 
being addressed is automatically erased and then 
programmed. The operation is completed within a 
write cycle time (twc) of 10 ms. 


Chip Erase Cycle 


All bytes of the uPD28C04 can be erased simulta- 
neously by making CE and WE fall to Vi_ after OE has 
been increased to Vin4 (15+0.5 V). The address inputs 
are “don't care,” but the data inputs must all be driven 
to Vi before the chip erase cycle begins. 


uPD28C04 


DATA Polling Feature 


This feature supports system software by indicating 
the precise end of byte write cycles. DATA polling can 
be used to reduce the total programming time of the 
uUPD28C04 to a minimum value, which varies with the 
system environment. 





While internal automatic write cycles are in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin |/O7 
(for example, if write data = 1xxx xxxx, then read data 
= Oxxx xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on I/O7. 


Write Protection Features 


The yPD28C04 provides three features to prevent in- 
valid write cycles: 


— Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 


— Supply voltage-level detection, where write oper- 
ation is inhibited when Vcc is 2.5 volts or less. 


—Write protection logic, where write operation is 
inhibited if OE is held low or CE or WE is held high 
during power-on or -off of the Voc supply voltage. 
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NEC Electronics Inc. 


Description 


The uPD28C05 is an electrically erasable and program- 
mable read-only memory (EEPROM) organized as 512 
words by 8 bits. The device operates from a + 5-volt 
power supply and is fabricated with an advanced 
CMOS process for high performance and low power 
consumption. 


The device offers an ALE pin to control the latching of 
addresses and a DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming. The 
UPD28C05 is available in standard 24-pin plastic DIP or 
miniflat packaging. 





Features 


O 512-word by 8-bit organization 

Single + 5-volt power supply 

Fast access times of 200 and 250 ns maximum 
Chip erase feature 

Auto erase and programming: 10 ms maximum 
DATA polling feature te 

Address latching by means of ALE pin 

Low power dissipation 

— 50 mA max (active) 

— 100 vA max (standby) 

Endurance: 100,000 erase/write cycles per byte 
TTL-compatible inputs and outputs 
Three-state outputs 

Advanced CMOS technology 

24-pin plastic DIP or miniflat packaging 


ooaoo00acao 0 
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Ordering Information 


Part Number Access Time (max) Package 

uUPD28C05C-20 200 ns 24-pin plastic DIP 
C-25 250 ns 

uPD28C05G-20 200 ns 24-pin plastic miniflat 


G-25 250 ns 


60008-1 





yPD28C05 
512 x 8-BIT 
CMOS EEPROM 


Pin Configuration 


24-Pin Plastic DIP or Miniflat 
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Pin Identification 


Symboi Function 

Ag - Ag Address inputs 

Oo - O07 Data inputs and outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

ALE Address latch enable 
GND Ground 

Voc +5-volt power supply 
NC No connection 


uPD28C05 








Absolute Maximum Ratings 


Supply voltage, Voc 0.6 to +7.0V 
Input voltage, Vi4 0.6 to +7.0 V. 
Input voltage, Vio (OE) -0.6 to +16.5V 
Output voltage, Voyt ~0.6 to +7.0V- 
Operating temperature, Topt - 10 to + 85°C 


Storage temperature, Tet -65 to + 125°C 





Exposure to Absolute Maximum Ratings for extended periods may 


affect device reliability; exceeding the ratings could cause perma: 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol _ Min Typ - Max Unit 
Supply voltage Voc 4.5 5.0 5.5 V 
Input voltage, Vin 2.0 Voc + 03 V 
Input voltage, Vit -0.3 0.8 Vv 
low ; . ae 
Operating Ta o . 70 °C . 
temperature 





Block Diagram 


Control Logic 
and 


Timing Circuits 


Column 
Addresses 


Latches and Buffers 


Row Addresses 











Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Min Max Unit 
Input capacitance C 12 pF 
Output capacitance Co 10 pF 
Truth Table bees | 
Function CE. OF WE ALE: Vie) _ ‘lee 
Read Vw OVn OVW X DoutT Active 
Standby.and Vi. X X X High-Z Standby 
write inhibit... 
Write Ve Vin Ve OV Din Active 
Chiperase Vi Vinn Yn Vin On= Vin Active 
Write Inhibit “X Va X xX — _ 

xX X Vind xX _ _ 


Notes: 
(1) X can be either Viz or Vip. 
(2 Ving = +15 0.5 V. 


Op 0; Op O3 O4 O5 O§ 07 


VO Buffers 
Data Latch 


¥-Gating 


" 4,096-Bit 
Memory Cell Array 
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DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V + 10% 


Parameter Symbol 
Output voltage, high Vou 
Von2 
Output voltage, low VoL 
Output leakage current lo 
Input leakage current Iu 
Voc current (active) loca 
loca2 
Voc current (standby) locs1 
locs2 


AC Characteristics 
Ta = Oto + 70°C; Voc = +5.0V + 10% 


Parameter Symbol 
Read Cycle 

Address to output delay tacc 
Address hold time from ALE taHL 
ALE to output delay taLe 
Address setup time to ALE tas. 
CE to output delay toe 
CE setup time to ALE tos. 
CE high to output float toro 
OE high to output float tpFo 
ALE high-level pulse width tu 
OE to output delay tog 
Output hold time from toHa 
address change 

Output hold time from rising touc 
edge of CE 

Output hold time from rising toHL 
edge of ALE 

Output hold time from rising tovo 
edge of OE 

WE hold time from rising twHo 
edge of OE 

WE setup time to CE twsc 
WE setup time to OE twso 


Min 
2.4 
Voc - 0.7 
pPD28C05-20 
Min Max 
200 
20 
200 
15 
200 
20 
0 60 
ce) 60 
40. 
10 75 
0 
0 
i¢) 
0 
10 
10 
10 


Typ 


Max 
0.45 
10 
10 
20 
50 
1 
100 
uPD28C05-25 
Min Max 
250 
30 
250 
20 
250 
0 80 
80 
40 
10 100 
0 
0 
0 
0 
10 
10 
10 


Unit 


A 
MA 
mA 
mA 
mA 


MA 


Unit 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


As 
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Test Conditions 


lon = —400 pA 
low = —100 WA 
lo. = 2.1 mA 


Vout = OV to Voc (max) 
Vin = OV to Voc (max) 
CE = Vis Vin = Vin 

f = 5 MHz; lout = OMA 


1 
= Voc; Vin = OV to Voc 


ral) fal] 
il 
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Test Conditions 





CE = OE = Vii 

ALE = WE = Vin 

WE = Vin, 

CE = OF = Vy; WE = Vin 
WE = Vin 

OE = Vii; WE = Vin 

WE = Vin 

OE = Vit; WE = Vin 

CE = Vy; WE = Vin 

WE = Vin 

CE = Vii; WE = Vin 

CE = OE = Vi; 

ALE = WE = Vjy (Note 2) 
OE = Vy; WE = Viyq (Note 2) 


CE = OE = Vir; WE = Vin 
(Note 2) 


CE = Vivi WE = Vin 
OE = Vin 
CE = Vin 
OE = Vin 


HPD28C05 N: KE Cc 


AC Characteristics (cont) 





pPD28C05-20 »PD28C05-25 
Parameter Symbol Min — Max Min Max Unit Test Conditions 
Write Cycle 
Address hold time from WE tay 200 200 ns 
Address setup time to WE tas 10 10 ns 
CE high after CE-controlled tcEH 9.9 9.9 ms 
write cycle 
CE hold time from WE high ton 0 0 ns 
CE setup time to WE tes 0) 0 ns 
CE pulse width tow 150 150 ns 
Data hold time tou 20 20 ns 
Data setup time tps 100 100 ns 
OE high hold time toEH 10 10 ns 
OE high setup time tors 10 10 ns 
Write cycle time two 10 10 ms 
WE high after WE-controlled tweH 9.9 9.9 ms 
write cycle 
WE pulse width twp 150 150 ns 
Chip Erase Cycle 
CE hold time tEcH 5 5 Us 
CE setup time tecs 500 500 ns 
Data hold time tEDH 100 100 ns 
Data setup time tEps 500 500 ns 
OE hold time tEOEH tecH + 3 tecH + 3 ys 
GE setup time tEoES 500 500 ns 
WE pulse width tewp 10 10 ms 
Notes: 
(1) Input rise and fall time < 20 ns; input pulse levels = 0.45 and (2) Output hold time is specified either from the address, or from the 
2.4V; timing measurement reference levels = 0.8 and 2.0 V for ALE, OE or CE pins, whichever goes invalid first. 


both inputs and outputs. See figure 1 for output load. 


Figure 1. Output Load 


T C= 100 pF 
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Read Cycles 


CE and OE must both be at V for read cycles to be 
executed. If either of these inputs rise to Vj, while the 
device is reading stored data, the outputs will be placed 
in a state of high impedance. This two-line output control 
eliminates bus contention in the system application. 


Byte Write Cycles 


Low logic levels on CE and WE and high logic levels on 
OE and ALE place the uPD28C05 in write operation. The 
write address inputs are latched by the falling edge of 
either CE or WE, whichever occurs later. The data inputs 
are latched by the rising edge of either CE or WE, 
whichever occurs earlier. Once byte write operation has 
begun, the internal circuitry assumes all timing control 
and the byte being addressed in automatically erased 
and then programmed. The operation completes within 
the write cycle time (two) of 10 ms. 


Chip Erase Cycles 


All bytes of the uPD28C05 can be erased simultaneously 
by making CE and WE fall to Vj, and ALE rise to Vi after 
OE has been increased to Viny (+15 + 0.5 V). The 
address inputs are “don’t care,” but the data inputs must 
all be driven to Viy before the chip erase cycle begins. 


Truth Table 
Function CE OE WE 
Read Vit Vit Vin 
Standby and write inhibit Vin X X 
Write ViL ViH Vit 
Chip erase ViL VIHH Vit 
Write inhibit X ViL X 
X X Vi 
Notes: 


(1) X can be either Viz or Viz. 
(2) Vinn = +15 + O.5V. 
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DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write cycles and can be used to 
reduce the total programming time of the uPD28C05 to a 
minimum value, which varies with the system environ- 
ment. 


While internal automatic write cycles are being exe- 
cuted, any attempt to read data at the last externally 
supplied address location will result in inverted data on 
pin |/O7. For example, if write data = 1xxx xxxx, then 
read data = Oxxx xxxx. Once write cycles have finished 
executing, the execution of a subsequent read cycle will 
result in true data being output on 1/O7. 


Write Protection Features 


Three features protect against invalid write cycles: 


— Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less; 


— Supply voltage-level detection, where write opera- 
tion is inhibited when Vcc is 2.5 volts or less; and 


——Write protection logic, where write operation is 
inhibited if OE is held low or CE or WE is held high 
during power-on or off of the Voc supply voltage. 


m 


AL Op - /O7 lec 
X DouT Active 
xX High-Z Standby 
Vin Din Active 
Vin Din = Vin Active 
x — ae 
Xx 
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Timing Waveforms 


Synchronous Read Cycle (ALE-Controlled) | 





High Impedance 


N: E Cc pPD28C05 


Timing Waveforms (cont) 
Asynchronous Read Cycle 





High Impedance 


Note: 

(1) ALE = Vij. 

(2) Use tprcit CE transitions to Vjjy before OE transitions to Viz4. 
[3] Use toro if OE transitions to Vj} before CE transitions to Vijy. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


High Impedance 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs fater. 

(2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj... 
Parameter typ is defined only for the period when both 
CE and WE are at VIL - 
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Timing Waveforms (cont) 


CE-Controlled Write Cycle 

















ses Eierake uated he een 
Os men 














High Impedance 





Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

{2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj. 
Parameter tcwis defined only for the period when both 
CE and WE are at VIL - 
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Timing Waveforms (cont) 
Chip Erase Cycle 
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NEC Electronics Inc. 


Description 


The uPD28C64 is a 65,536-bit electrically erasable and 
programmable read-only memory (EEPROM) orga- 
nized as 8,192 x 8 bits and fabricated with an advanced 
CMOS process for high performance and low power 
consumption. 


Operating from a single +5-volt power supply, the 
yPD28C64 provides DATA polling function to indicate 
the precise end of write cycles. Additional features 
include chip erase, auto erase and programming, and 
32-byte page write cycles. 


The uPD28C64 is available in standard 28-pin plastic 
DIP. 


Features 


8,192 x 8-bit organization 

Single + 5-volt power supply 

Chip erase cycles 

Auto erase and programming at 10 ms max 
32-byte page programming cycles 

DATA polling verification 

Low power dissipation 

— 50 mA max (active) © 

— 100 yA max (Standby) 

Endurance: 100,000 erase/write cycles per byte 
Silicon signature 
TTL-compatible inputs and outputs 
Three-state outputs 

Advanced CMOS technology 

28-pin plastic DIP packaging 


oOooaoaoada 
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Ordering Information 
Part Number Access Time (max) 
UPD28C64C-20 200 ns 

C-25 250 ns 


Package 
28-pin plastic DIP 


60053-1 





yPD28C64 
8192 x 8-Bit 
CMOS EEPROM 


Pin Configuration 


28-Pin Plastic DIP 
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Pin Identification 


Symbol Function 

Ao - Ai2 Address inputs 

Oo - VO7 Data inputs and outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

GND - Ground 

Voc +5-volt power supply 
NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Voc ~0.6 to +7.0V 
Input voltage, Vin -0.6 to +7.0V 
Input voltage, Ag -0.6 to +13.5V 

OE -0.6 to +16.5V 
Output voitage, Vout -0.6 to +7.0V 
Operating temperature, Topp ~ 10 to + 85°C 


Storage temperature, Tete - 65 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability, exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.0 Voc + 03 Vv 
Input voitage, low Vit -0.3 0.8 V 
Operating temperature Ta 0 70 °C 


Block Diagram 


Control Logic 
Timing Circuits 
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Address 


Latches/Buffers 
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Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Voyt = OV 


Parameter Symbol Min Typ Max Unit 
Input capacitance C, 12 pF 
Output capacitance Co 10 pF 
Truth Table 
Function CE OE WE _ Input/Output lec 
Read Vit Vic = Vin DoutT. Active 
Standby and Vin X X High-Z Standby 
write inhibit 
Write Vit Vin Vit Din Active 
Chip erase Vit VIHH VIL Din = Vin Active 
Write Inhibit xX Vit X —_ — 

X X Vin 
Notes: 


(1) X can be either Viz or Vip. 
(2) Vind = +15 V +05. 


VOg VOy VOz VO3 VO4 VOs VOg VO7 


VO Buffers 
Data Latch 


65,536-Bit 
Memory Cell Array 
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DC Characteristics 
Ta = Oto +70°C; Veg = +5.0V + 10% 











Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou1 2.4 V lon = —400 A 
Vone2 Voc - 0.7 Vv loH = -100 yA 
Output voltage, low VoL 0.45 V lop = 2.1 mA 
Output leakage current lLo 10 uA Vout =_OV to Veo; 
CE or OE = Vij 
Input leakage current lu 10 HA Vin = OVtoVeo 
Voc current (active) locat 20 mA CE = Vy; OE = Viy 
loca2 50 mA f = 5 MHz; lout = OMA 
Vcc current (standby) locs4 1 mA CE = Vin 
locse2 100 UA CE = Voci Vin= OV toVee 
AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V + 10% 
uPD28C 64-20 pPD28C64-25 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Operation 
Address to output delay tacc 200 250 ns CE = OF = Vi_ 
CE to output delay toe 200 250 ns OE = Vip 
OE or CE high to output float tor 0 60 0 80 ns CE = Vy or OF = Vi 
OE to output delay tor 10 75 10 100 ns CE = Vit 
Output hold from address, ton fs) ) ns CE = OF = Vi 
OE or CE, whichever 
transition occurs first 
AC Characteristics (cont) 
Ta = Oto + 70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Write Operation 
Address hold time taH 200 ns 
Address setup time tas 10 ns 
Write hold time ton 0 ns 
Write setup time tes 0 ns 
CE pulse width tow 150 ns 
OE high hold time toeH 10 ns 
OE high setup time tors 10 ns 
Write cycle time two 10 ms 
WE pulse width twp 150 ns 
WE high hold time twPeH 50 ns 


pPD28C64 
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AC Characteristics (cont) 

















Parameter Symbol! Min Typ Max Unit Test Conditions 
Write Operation . | 

Byte load cycle time tBLo 3 100 us 
Data hoid time . tou 20 ns 
Data setup time tos 100 ns 
Data vaiid time tov 300 ns 
Chip Erase Operation 

OE hold time tcEH toy + 3 us 
CE hold time ton 5 ys 
CE setup time tos 500 ns 
Data hold time toy 100 ns 
Data setup time tps 500 ns 
OE setup time toes 500 ns 
WE pulse width twp 10 ms 
Notes: 


(1) See figure 1 for the output load. input rise and fall times < 20 ns; 
input pulse levels = 0.45 and 2.4 V; timing measurement refer- 
ence levels = 0.8 and 2.0 V for both inputs and outputs. 


Figure 1. Output Load 


C.= 100 pF 
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Read Cycles 


Both CE and OE must both be at Vj; in order to read 
stored data. While the device is executing read cycles, 
bringing either of these inputs to Viy will place the 
outputs in a state of high impedance. This two-line 
output control allows bus contention to be eliminated 
in the system application. 


Byte Write Cycles 


Low levels on CE and WE and a high level on OE place 
the uPD28C64 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later. The data inputs are latched by 
the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the inter- 
nal circuits assume all timing control. The byte being 
addressed is automatically erased and then pro- 
grammed. The operation completes within the write 
cycle time (twc) of 10 ms. 


Page Write Cycle 


This option allows the uPD28C64 to be completely 
programmed in a much shorter time than is required 
using byte write cycles. The loading of up to 32 bytes of 
data before internal write cycles program all of these 
bytes simultaneously allows the uPD28C64 to be com- 
pletely written in a maximum of 2.6 seconds. The page 
address is specified by the inputs As through A2; once 
set, this address cannot be changed during a page 
write cycle. Within the page, address inputs Ap through 
A4 can be used sequentially or in random order to 
specify individual bytes. 


The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. If the next falling edge 
of WE occurs within a byte load cycle time of 100 ys, the 
internal byte load register will be loaded with another 
byte of input data. This cycle can be repeated to loada 


pPD28C64 


maximum of 32 bytes of data. At any point in the 
sequence, if WE does not have a new falling edge 
within the byte load cycle time of 100 ps, byte load 
operation will terminate and automatic erasing and 
programming operations will begin. 


Chip Erase Cycles 


All bytes of the uPD28C64 can be erased simulta- 
neously by making CE and WE fall to Vi, after OE has 
been increased to Viyy (15 V +0.5). The address inputs 
are “don't care,” but the data inputs must all be driven 
to Vip before the chip erase cycle begins. 


DATA Polling Feature 


This feature supports system software by indicating 
the precise end of byte write and page write cycles. 
DATA polling can be used to reduce total programming 
time of the uPD28C64 to a minimum value, which varies 


with the system environment. 


While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/O7 
(for example, if write data = 1xxx xxxx, then read data 
= OXxx xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on 1/07. 


Write Protection Features 


The pPD28C64 provides three features to prevent in- 
valid write cycles. 


© Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 

@ Supply voltage level detection, where write opera- 
tion is inhibited when Vcc is 2.5 V or less. 

e Write protection logic, where write operation is in- 
hibited if OE is held low or CE or WE is held high 
during power on or off of the Voc supply voltage. 
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Timing Waveforms 


Read C ycle 


High Impedance f 5 K High Impedance 


Notes: 


{1] OE may be delayed for read operation up to tacc — to_, after the falling 
edge of CE, without impact on tacc. 


[2] tp is specified from OE or CE, whichever occurs first. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 
Address Address Valid 
ateevans KX i SRO 
AS tA 
tcs tCH 





vO 
Din 


vO ; High Impedance 





Notes: 


[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj. 
Parameters twp and tcwis defined only for the period when both 


CE and WE are at Vj,_. 
83IH-64658 
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Timing Waveforms (cont) 


CE-Controlled Write Cycle 
Address \ 


[Note 3} 


Din 


vo High Impedance 
a rer 
DouT 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

{2} The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj,. 


Parameters typ and tcwis defined only for the period when both 
CE and WE are at Vi. 





[4] OE may be delayed up to (tacc — toe) without impacting tacc. 
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Timing Waveforms (cont) 


Page Write Cycle 


= \ MD I fw, 


oe SEK) 


[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs /ater. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vi. 
Parameters typ and tcware defined only for the period when both 
CE and WE are at Vi, . 


ae 


XD REE 
(Xin) — 


[4] The page cannot be changed in the middle of a page 
write cycle. Address inputs A5—~ A 42 must be supplied for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs A g— A gare altered for each 
byte load cycle and determine the individual byte to be 
written within the page. 


[5} A maximum of 32 bytes may be loaded in a single page 
write cycle. 
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Timing Waveforms (cont) 


Chip Erase Cycle 
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NEC Electronics Inc. 


Description 


The pPD28C256 is a 262,144-bit electrically erasable 
and programmable read-only memory (EEPROM) orga- 
nized as 32,768 x 8 bits and fabricated with an ad- 
vanced CMOS process for high performance and low 
power consumption. 


Operating from a single +5-volt power supply, the 
UPD28C 256 provides DATA polling and toggle bit func- 
tions to indicate the precise end of write cycles. Addi- 
tional features include software data protection, soft- 
ware chip erase, auto erase and programming, and 
64-byte page write operation using automatic write 
timing and internal address and data latches. 


The uPD28C 256 is available in standard 28-pin plastic 
DIP packaging. 


Features 


Single + 5-volt power supply 

Fast access time of 200 ns (max) 
Software chip erase cycles 

Auto erase and programming at 10 ms (max) 
64-byte page programming cycles 
End of write detection 

— DATA polling 

— Toggle bit 

Software data protection 

Low power dissipation 

— 50 mA max (active) 

~— 100 WA max (standby) 

10,000 erase/write cycles per byte 
Silicon signature included 
Advanced CMOS technology 
28-pin plastic DIP packaging 


oa ooaqagccag a 
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Ordering Information 


Part Number Access Time (max) Package 
uUPD28C256CZ-20 200 ns 28-pin plastic DIP 


CZ-25 250 ns 


60073 


Pin Configuration 
28-Pin Plastic DIP 


Pin Identification 





pPD28C256 
32,768 x 8-Bit 
CMOS EEPROM 


g 
a 
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Symbol Function 

Ag -At4 Address inputs 

Oo - /O7 Data inputs and outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.6 to +7.0V 
Input voltage, Vin ~-0.6 toVoo + 0.3 V 
Input voltage (Ag) -0.6 to +13.5V 
Output voltage, Vout -0.6 to +7.0V 
Operating temperature, Topp -10 to + 85°C 


Storage temperature, TsTg 65 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min = Typ Max Unit 
Supply voltage Voc 45° 5.0 5.5 Vv 
Input voltage, high Vin 2.0 Vecot+ 03 V 

' Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature Ta 0 70 °C 


Block Diagram 


Control Logic 
and 
Timing Circuits 


Y-Decoder 


Address 
Latches/Buffers 


X-Decoder 


Address 
Latches/Buffers 
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Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Voyt = OV 





Parameter Symbol Min Typ Max Unit 
Input capacitance C, 12 pF 
Output capacitance Co 10 pF 
Truth Table . 
Function CE OE WE _ Input/Output loc 
Read Vit Vit Vin Dout Active 
Standby and Vin Xx X High-Z Standby 
write inhibit 
Write Vit Vin Vit. Din Active 
Write Inhibit X VL 2X = — 

X xX Vind 
Notes: 


(1) X can be either Vi_ or Viz. 


VO9 VO1 VO VO3 VO4 VO VOg VO7 


VO Buffers/ 
Data Latch 


Y-Gating 


262,144-Bit 
Memory Cell Array. 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 




















Parameter Symbol Min “Typ Max Unit Test Conditions 
Output voltage, high Vou1 2 Vo toy = -400 uA 
VoH2 Voc - 0.7 V lon = -100 HA 
Output voltage, low VoL 0,45 Vv lo, = 2.1 mA 
Output leakage current ILo -10 10: HA Vout =_OV to Voc; 
ae CE or OF = Vin 
Input leakage current lu -10 10 HA Vin = OV toVoc 
Voc current (active) locat 20 mA CE = Vi; Vin = Vin 
loca2 oe 50 “mA f = 5MHz; lout = OmA 
Voc current (standby) leosi 1 mA CE = Vin 
loose 100 HA CE= Voc: Vin = OV toVoc 





AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V + 10% 




















pPD28C 256-20 pPD28C 256-25 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Operation 
Address to output delay tacc 200 250 ns CE = OF = Vi 
CE to output delay tog 200 250 ns OE = Vit 
OE to output delay toE 10 75 10 100 ns CE = Vit 
OE or CE high to output float tor 0 60 0 80 ns CE = Vi, or OE = Vy 
Output hold from address, ton i) 0 ns CE = OF = Vi 
OE or CE, whichever 
transition occurs first 
Write Operation 
Write cycle time two 10 10 ms 
Address setup time tas 10 10 ns 
Address hold time tay 200 200 ns 
Write setup time tcs 0 0 ns 
Write hold time ton 0 0 ns 
CE pulse width tow 150 150 ns 
GE high setup time toes 10 10 ns 
OE high hold time toEH 50 50 ns 
WE pulse width twp 150 150 ns 
WE high pulse width twpH 2 2 us 
WE high hold time tWEH 9.9 9.9 ms 
CE high hold time toEH 9.9 9.9 ms 
Data setup time tos 100 100 ns 
Data hold time tou 50 50 ns 
Byte load cycle time tgic 3 100 3 100 us 
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AC Characteristics (cont) 














. pPD28C 256-20 pPD28C256-25. 
Parameter _ Pos Symbol Min Max Min Max Unit Test Conditions 
Software Chip Erase Operation — 
CE setup time tecs: — 500 500 ns 
WE pulse width : tewp 10 10 ms 
CE hold time | bak tecn 20 20 us 


Notes: 


(1) See figure 1 for the output load. Input rise and falitimes < 20 ns; 
input pulse levels = 0.45 and 2.4 V; timing measurement refer- 
ence levels = 0.8 and 2.0 V for both inputs and outputs. 


Figure 1. OutputLoad 
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Read Cycles 


Both CE and OE must be at V), to enable stored data to 
be read. While the device is executing read cycles, 
bringing either of these inputs to Vj will place the 
outputs in high impedance. This two-line output con- 
trol allows bus contention to be eliminated in the 
system application. 


Byte Write Cycles 


Low levels on CE and WE and a high level on OE place 
the pyPD28C 256 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later. Data inputs are latched by the 
rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the inter- 
nal circuits assume all timing control and the byte 
being addressed is automatically erased and then 
programmed within the write cycle time (twc) of 10 ms. 


Page Write Cycles 


This option allows the uPD28C 256 to be completely 
programmed in a much shorter time than is required by 
byte write cycles. Page write cycles can program up to 
64 bytes simultaneously, enabling the uPD28C256 to be 
completely written within a maximum of 5.2 seconds. 
The page address is specified by the inputs Ag through 
Ay4; once set, this address cannot be changed. Within 
the page, address inputs Ap through As can be used 
sequentially or in random order to specify individual 
bytes. 


The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. If the next falling edge 
of WE occurs within a byte load cycle time of 100 ys, the 
internal byte register will be loaded with another byte of 
input data. This cycle can be repeated to load a maxi- 
mum of 64 bytes of data. At any point in the sequence, 
if WE does not have a new falling edge within the cycle 
time of 100 us, byte loading will terminate and auto- 
matic erasing and programming operations will begin. 
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DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write and page write cycles, DATA 
polling can be used to reduce total programming time 
of the uPD28C 256 to a minimum value, which varies 
with the system environment. 


While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/O7 
(for example, if write data = 1xxx xxxx, then read data 
= OXxxx xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on |/O7. 


Toggle Bit Feature 


The feature provides another method for indicating the 
end of write cycies. During the internal automatic write 
operation, 1/Og will toggle from 0 to 1 and back on 
successive attempts to read data. When the write cycle 
is complete, the toggling stops; a read cycle results in 
true data being output on I/Og (figure 2). 


Hardware Data Protection. 


The uPD28C256 provides three features to prevent 

invalid write cycles: 

@ Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 

e@ Supply voltage level detection, where write opera- 
tion is inhibited when Vcc is 2.5 V or less. 


e Write protection logic, where write operation is in- 
hibited if OE is held low or CE or WE is held high 
during power on or off of the Voc supply voltage. 





pPD28C256. 








Figure 2. Data Polling and Toggle Bit Operation — 





“Last External pete Ws 3 “ i "Internal Write 
Write 2° : Bh. nage ONES Behe ‘ Rowe Sot 4 : : d os a Operation 
Cycle. ere race i AEP ns 5 ; eR. : ; Complete 


te H 
vO7 (Input) 





Og ane | -\ coup ae AS -~\eisa-—omon _ Be _ -\oupu- = 


Notes: 


[1] The dashed portions of the output waveforms indicate high impedance. 
{2] Address nis the address supplied in the:last external write cycle. 
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Software Data Protection 


Additional protection of data is available using soft- 
ware control. Standard, unprotected write cycles are 
illustrated in the timing waveforms. Additional 
software-controlled protection is enabled or reset with 
two special sequences of write cycles. To enable soft- 
ware data protection, or to execute additional write 
cycles after the uPD28C256 is in a protected state, use 
the address and data sequence shown in table 1. All 
three byte write cycles must be issued in sequence and 
must meet the timing illustrated in figure 3. 


Figure 3. 






Notes: 


all of the page write data inputs (from one to 64 bytes). 
[2] OE is held at a high level. 


; Valid Write 
wom Xe Xm Xam XX 
. Valid Write 
ow Cae wa Kom XX XX. X 


[1] The software sequence is complete at the end of the first t yo following 


Table 1. Sequence to Enable Software Data 


Protection 
Address Input (Hex) Write Data (Hex) 
5555H AAH 
2AAAH 55H 
5555H AOH 


Under software protection, no write cycles will be 
executed unless preceded by the above sequence. The 
protection circuit is nonvolatile and continues to pro- 
tect the data during power-down and power-up. 


Se 
i 


Sequence to Initiate or Continue Software Data Protection 


Page Write Cycles 





|_—_—___>- 
Software 
Protection 
Enabled 
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To disable software protection for ease in testing or 
reprogramming of the uPD28C256, the byte reset se- 
quence shown in table 2 must be issued. The timing is 
illustrated in figure 4. 


Table 2. Sequence to Disable Software Data 


Protection 
Address Input (Hex) Write Data (Hex) 
5555H AAH 
2AAAH 55H 
5555H 80H 
5555H AAH 
2AAAH 55H 
5555H 20H 


Figure 4. 


Notes: 


[1] The software sequence is complete at the end of the first t yo following 


all of the page write data inputs (from one to 64 bytes). 
[2] OE is held at a high level. 
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At the end of this sequence, and after a minimum delay 
of twc to reset the nonvolatile protection circuit, the 
UPD28C 256 is in an unprotected state. Any standard 
write cycle can be executed as desired. in this state, 
the hardware features provide all data protection. 


Reset Sequence for Software Data Protection 


ae 


Page Write 
Cycles 


Software 
Protection 
Inactive 
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Software Chip Erase Feature Table 3. peqnonce to Set Up Software Chip 
rase 
All bytes of the uPD28C256 can be erased simulta- 


neously by making CE and then WE fall to Vi, using the acichrtab Lala had bdlcall ate 

address and data sequence shown in table 3. The 55554 sad 

required timing is illustrated in figure 5. 2AAAH SSH 
5555H 80H 
5555H AAH 
2AAAH 55H 
5555H 10H 


Figure 5. Sequence for Software Chip Erase 
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Address 


Notes: 


[1] The software sequence is complete at the end of tec following the 
special address and data sequence and the erase pulse on WE. 


[2] OE must be held at a high level. 
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Timing Waveforms . 





Read Cycle 


a? aT, a ae 


Address Address Valid 
a26 


Drab head bead band dank’ 


rw vy _yvyvyyvVY ¥_Y VY VY _\Y Uv Vy YY 


Dr usbdentdbrand dead run draed send Ansbraeb rabble nad mak ak ak eed sank anak) 


(DF 
tacc [Note 2] 
[Note 1] 


High impedance High impedance 


Notes: 

[1] OE may be delayed for read operation up to tacc— tog. after the falling 
edge of CE, without impact on tacc. 

[2] tpg Is specified from OE or CE, whichever occurs first. 

[3] WE = VIH. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 








tps 


oe 2 Sf 
Data Input Valid 
be 


VO TXXKRNRL NV High Impedance 
Dout /\ 


A 


|e eae EE 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2} The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj; . 
Parameters typ and tcw are defined only for the period when both 


CE and WE are at Vj, . 
83IH-68938 
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Timing Waveforms (cont) 


CE-Controlled Write Cycle 


OXY 


High Impedance 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at ViL- 
Parameters tyypand tcw are defined only for the period when both 
CE and WE are at Vj,_. 





12 


Fr 


pPD28C256 





Timing Waveforms (cont) 


Page Write Cycle 


= \ Dh ID 


Address COX rer XX OK COX rer XX OK 


Valid 
[Byte 1] 


[1] The address inputs are latched at the falling edge of CE or We, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj. 
Parameters twp and tcware defined only for the period when both 
CE and WE are at Vi, . 


-. 


YT ED 


Valid , 
[Last Byte] 


[4] The page cannot be changed in the middie of a page 
write cycle. Address inputs Ag~ A;4 must be supplied for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs Ag — As are altered for each 
byte load cycle and determine the individual byte to be 
written within the page. 
[5] A maximum of 64 bytes may be loaded in a single page 
write cycle. 
831H--6895B 





13 





pPD28C256 


NEC 






































Application Notes 


Section 28 


Application Notes 


App Note 90-03 


App Note 54 


App Note 55 
App Note 57 


App Note 58 


App Note 56 
App Note 90-06 


App Note 90-02 
| App Note 50 


App Note 90-04 


Memory Systems 
Overview 


UPD42505 Line Buffer for 
Communications 
Systems 


uPD42101/42102 High- 
Speed Line Buffers 


€MPD42101/42102/42505 
High-Speed Line Buffers 


Interlaced to 
Noninterlaced Scan 
Conversion Using the 
UPD42101 High-Speed 
Line Buffer 


MPD42601 Silicon File 


Silicon File System 
Architecture 


High-Performance 
Memory Systems 


Battery Backup Circuits 
for SRAMs 


Battery Backup Using 
NEC's Supercaps 


28a 


28b 


28c 
28d 


28e 


28f 
28g 


28h 
28) 


28 


NEC 


NEC 


NEC Electronics Inc. 


Introduction 


The objective of a memory system is to match the 
operating speed of a processor with the rate of infor- 
mation transfer A CPU is usually about a thousand 
times faster than the average access time of amemory 
system, and the high cost of implementing a system 
with enough speed to accommodate this performance 
gap would be out of reach. To be able to meet cost and 
performance goals, a multilevel or hierarchical system 
encompassing a mix of memory devices must be im- 
plemented. 


In most of these systems, the top level will have the 
highest performance and lowest level the slowest. 
Alternatively, the highest level is usually the most ex- 
pensive and has the smallest density and the lowest 
level is the least expensive and has the highest density. 
Hierarchies are typically structured so that devices at 
level /are higher than those at level / + 7. If C;, Tj, and 
S;, respectively, are the cost per byte, the average 
access time, and the total memory size at level i, then 
the following relationships normally would hold be- 
tween level jandi + 7: 


Ci > C+ 1,7 < Ty + 1, andS;< $+ 1for/2= 1 


Memory hierarchy can be classified into primary and 
secondary devices, depending on access times. In a 
typical hierarchy, the top level may consist of fast static 
RAMs with access times of less than 35ns. These 
devices have been produced in x1, x4 and x8 organiza- 
tions, and in some cases need a very low current to 
retain data during power failures. The next level is 
classified as main memory and consists of dynamic 
RAMs with access times between 80 and 120 ns. Sec- 
ondary memory may consist of several levels of rotat- 
ing drum or fixed-head magnetic disks with average 
times taken from the sum of rotational latency and 
transfer time, most likely a few milliseconds for blocks 
or sectors of between 1 and 4 Kbytes. Their capacity is 
in the Mbyte range and reflect a price equaling a few 
hundredths of a cent per bit. These devices are usually 
connected to the primary memory on a shared bus. 
Finaily, the lowest level consists of removable magnetic 
tape for offline storage in a data archive. 


A performance gap traditionally has existed between 
primary and secondary memories. The magnetic bub- 
bles and charge-coupled devices developed to fill this 
gap did not find wide acceptance in most memory 
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system applications, and contemporary designs are 
now using low-power, solid-state devices such as 
NEC’s uPD42601 silicon file. 


The goal of a system designer is to optimize the 
memory hierarchy so that system performance ap- 
proaches that of the highest level of memory and cost 
approaches the cost of the cheapest memory. Perfor- 
mance depends on a number of interrelated factors, 
including program behavior with respect to memory 
references, access time and memory size of each level, 
granularity of information transfer (size of the data field 
or block), and management policies. One other impor- 
tant factor is the design of the processor-memory 
interconnection network. 


Hierarchical performance can be measured by effec- 
tive access time from the processor to the lowest level 
of the hierarchy, i.e. the sum of individual average 
access times of each of the memory levels. Effective 
access time generally includes the wait time caused by 
memory conflicts at a particular level, as well as delays 
in the switching network between one level and the 
next. The degree of conflict is usually a function of the 
number of processors, the number of memory mod- 
ules, and the interconnection network between the 
processors and memory modules. 


Connections between hierarchical levels are character- 
ized by their transfer rates, or bandwidth, i.e. the 
number of bits per second that can be accessed. For 
example, if a memory system has a cycle time of 500 ns 
and is able to access 32 bits (4 bytes) per cycle, its 
bandwidth is 64 Mbits (8 Mbytes). To increase band- 
width, a designer might choose to reduce the cycle 
time, increase word size of the memory, or access the 
memory modules in parallel. Each would have a differ- 
ent impact on system architecture and cost. 


Although the best possible design depends on work- 
load and the available technology, there is no one 
formula for creating an optimal generic design. When 
considering a traditional von Neumann architecture, a 
single memory module of conventional design can 
access no more than one word during each clock cycle. 
With this fundamental constraint, the designer must 
rely on technological advances to be able to improve 
computer system performance. 
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HIERARCHICAL CLASSIFICATIONS 
High-Speed Static RAMs at Level 1 


Although the highest hierarchical level contains mem- 
ory capable of matching the cycle time of the CPU, 
capacity of these devices typically will be determined 
by the cost and performance goals of the system. 
Static RAM traditionally has been used in this level 
because of its performance. capabilities and ease of 
use. An SRAM is basically a stable dc flip-flop requiring 
no.clocks or refreshing, which means its storage ele- 
ment retains data as power is applied. Fast access 
times, a parallel address structure, and the absence of 
Strict timing requirements have made these devices 
very attractive in cache and small system designs. 


SRAMs have been developed with technologies such as 
Bipolar, CMOS and BiCMOS, resulting in a number of 
products with different access times and organiza- 
tions. Some of the most common configurations are 
32K x 8, 64K x 4 and 256K x 1, 1M x 1 and 256K x 4, as 
reflected in NEC’s uPD43256A, uPD43254, uPD46251, 


‘ . PD431001 and uPD431004 devices, respectively. In the. 


small system market, where low cost rather than high 
performance is the primary objective, byte-wide SRAMs 


with access times similar to DRAMs or EPROMs are. 


required. Alternatively, cache memory design requires 
very fast access time, high density, and x1 or x4 orga- 
nizations with high performance and advanced SRAM 
technology. 


Some SRAMs have the ability to retain data when 
system power has failed or is shut down. In this case, 
the SRAM is usually designated as a low-power device 
(-LL version) whose data retention current can be as 
low as.10 vA and whose backup power is supplied by a 


battery backup circuit. This feature is attractive in small 


laptop systems and in instrumentation applications 
where low power is a primary concern.. 


The byte-wide SRAM such as NEC’s 32K x 8-bit 
HPD43256A has access times in the range of 85 to 
150 ns, 28-pin DIP ‘packaging (600 mil wide), and access 
time compatibility with EPROMs (figure. 1). However, a 

600-mil device requires a substantial amount of board 


space (figure 1), and thus the part is also offered ina 
28-pin plastic miniflat. package for higher density, 


surface-mounted printed circuit board. unin 
(figure 2). 


Ax1 SRAM is often used for targe, tagieenceai memory 
circuits where fast access time and high-density chip 
layouts are required. Having only one data bit per 
SRAM chip reduces the pin count and ailows use of an 
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Figure 1. 28-Pin Plastic DIP (600 mil) 
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18- or 22-pin package that significantly reduces board 
space. High-speed static RAMs are available in x1, x4, 
and x8 configurations with access times ranging from 
15 to 80 ns. A typical application for these devices is as 
data and address tag memories in cache subsystems 
whose access times. must equal ioe access 
times. 


One advantage of using an SRAM is its ability to 
interface to a memory bus. The uPD43256A, for exam- 
ple, has 15 address lines, 8 common input/output sig- 
nals, an output enable (OE) pin, awrite enable (WE) pin, 

and power and ground pins (figure 3). A chip select 
(CS) pin controls operation of the device. When CS.is 
high, the device is in standby and power consumption 
is greatly reduced. A designer can minimize total power 
supply current by enabling only the accessed devices 
in standby. 


NEC 


Application Note 90-03 





Figure 3. Block Diagram of uPD43256A 


Address Row 
Buffer Decoder 


The OE pin controls the three-state output drivers 
during a read cycle and can only be active when CS is 
asserted, Write cycles are controlled by WE. When CS 
and WE are asserted low, data on the common I/O pins 
is written into the memory cells and the output data 
drivers are disabled to prevent a possible bus fight. 


The separation of the chip select function into two 
components, OE and CE, has several timing implica- 
tions. The access times from chip select (tacs) and 
address valid (taa) are the same in the uPD43256A, 
85 ns, but typically an SRAM design requires that the 
address be decoded before the chip can be selected. 
This decoding function requires an additional delay, 
making the effective address time the sum of the worst 
case propagation delay of the address decoder 
(74LS138) and the chip select address access time 
(tacs). Alternatively, since the output enable time (tog) 
of 40ns is less than the access time, the effective 
access time can be optimized by concurrently access- 
ing the SRAM with a valid address and controlling the 
OE pin with a read signal and the output of the address 
decoder. The disadvantage of this scheme is that the 
CS pin is always asserted, causing the SRAM to always 
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be active. For circuits with only afew SRAM devices, the 
power considerations are not important. In cases 
where a lot of SRAMs are being used, power require- 
ments may necessitate that CS be asserted to control 
the active and standby current. 


Dynamic RAMs at Level 2 


Data in an SRAM cell will remain valid as long as power 
is applied to the chip, because data is stored as a 1 or 
0 in a flip-flop circuit consisting of four or six transis- 
tors. This approach allows for simplified operation, 
although the relatively large memory cell requires a 
large die. A dynamic RAM, on the other hand, stores 
data in the charge on a capacitor rather than in a 
flip-flop, thereby reducing the area required for each 
cell. And since die size has a direct bearing on the cost 
of a chip, a denser DRAM circuit will have a lower cost 
per bit. 


Using a capacitor to store memory data means that 
more complex circuitry is required, as well as sophisti- 
cated techniques to sense the charge on the storage 
capacitor. Because of leakage current, a method of 
periodically refreshing the charge on the capacitor is 
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also required. Since DRAMs are traditionally used in 
large systems where tens or hundreds of memory chips 
are needed, the more complex interface circuitry can 
be absorbed into the cost of the memory circuit. 


In a hierarchy, DRAMs are used in the larger, slower 
main level. It is this level that degrades effective access 
time and system performance. When the smaller cache 
does not have the data requested by the processor, the 
cache executes a replacement cycle to read the data 
from main memory and fetch it for the processor 
Because the access time of main memory is in the 
range of 80 to 120 ns, the CPU must go into a wait state 
while the data is being read. In fact, high performance 
20 to 33 MHz microprocessors require at least one wait 
state to access a DRAM circuit, requiring in the top level 
of the hierarchy a high performance cache able to 
match CPU cycle time. 


Figure 4. Fast-Page Early Write Cycle 
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DRAM performance can be enhanced with a number of 
circuit design techniques, as well as with a number of 
on-chip operating features that help to optimize band- 
width. Most contemporary 1M DRAMs are manufac- 
tured with extended features such as fast-page cycles 
that allow several locations within a row of memory to 
be accessed without repeating the row address, 
thereby reducing cycle time (figure 4). DRAMs designed 
with a nibble mode are able to read four successive bits 
by simply pulsing the CAS control signal, because 
column addresses are incremented internally (figure 5). 
Static-column DRAMs use static circuitry to decode 
the column addresses, reducing cycle time by allowing 
column accesses to be executed the same as in static 
RAMs (figure 6). 
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Figure 5. Nibble Mode Read Cycle 
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Figure 6. Static-Column Read Cycle 


Address 


The architecture of the interface between the CPU and 
main memory is another important factor in determin- 
ing system performance. Pipelined and interleaved 
architectures that can access the device in parallel 
operations can also enhance bandwidth, but require 
another level of complexity and cost in the CPU- 
memory interface. 


In main memory design, the most efficient DRAM con- 
figuration is the xi DRAM because its organization 
minimizes the number of pins on the chip (figure 7). 
Main memory circuits may have hundreds of memory 
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chips on a printed circuit board, and since the address, 
data and control signals are connected to every chip, 
the memory section of the board is layed out in a very 
dense array. In fact, one of the most important parts of 
the DRAM design is the printed circuit layout. This array 
requires amemory chip with minimal pins and package 
size, making the x1 the most efficient. Also, with the 
high number of memory chips for each circuit, the cost 
of the circuit is high compared to other system boards 
and requires a higher system reliability standard. 
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Figure 7. Block Diagram of 1 Meg DRAM 
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An error correction and detection technique is typically - 


used to enhance reliability. Most ERCC algorithms can 


detect two-bit errors and correct single-bit errors, al- 


lowing a single memory chip to fail without causing the 
system to malfunction. If the circuit uses a x4 organi- 
zation and a single chip failure occurred, the ERCC 
circuit could not correct the multibit failure, reducing 
system reliability. Also, a x4 DRAM has more pins, a 
larger package size, and higher costs, increasing the 
size and cost of the memory array. 


The wider organization does have one advantage for 
systems that require the number of memory chips to be 
limited because of layout area or cost. One x4 chip can 
replace four x1 devices in applications where density is 
not a factor. A typical application for the x4 organiza- 
tion. is in computer graphics where memory size is 


Memory Array 
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constrained by screen resolution and the 4:1 increase 
in bandwidth is required to refresh the screen. 


Some disadvantages of using DRAMs involve their com- 
plex interface circuitry and dynamic nature. DRAMs 
are arranged in a rectangular array, in which the cells 
are connected in a matrix of rows and columns. To be 
able to reduce the number of address pins, the address 
field is multiplexed into a row address field and a 
column address field (figure 8). A row address is first 
presented to the memory and the row address strobe 
(RAS) control signal is asserted, beginning the memory 
cycle and latching the row address. The row address 
decoding circuit selects the appropriate row of cells 
(512 celis in the case of a 1M DRAM) and the column 
address is multiplexed onto the address pins. 
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Figure 8 RAS /CAS Address Multiplexer Circuit 


Bank Select 
RAS Enable 


Refresh 


Row Address 


Column Address 


Address Multiplexer 


Figure 9. RAS /CAS Address Timing 


Address 


The column address strobe (CAS) is then asserted to 
latch the column address and enable the output driv- 
ers. The column address decoder selects one of the 
memory cells in the selected row and the data is read 
and sent to the output circuits. Once the data has been 
accessed, the RAS and CAS signals are de-asserted 
and remain inactive for a specified precharge time so 
that the circuits can recover from the previous access. 
Thus, the increase in cycle time over access time equals 
the precharge time. 


DRAMs with an access time of 80 ns typically have a 
cycle time of 160 ns. Although multiplexing provides 
some substantial system benefits in terms of minimiz- 
ing the number of pins and reducing package size, the 
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Multiplexer 


25 ns min, 60 ns max 





address timing is complicated and requires more inter- 
face circuitry (figure 9). Row and column addresses are 
both multiplexed, presenting a rather tight window 
during which the individual events must occur. Row and 
column addresses both have setup and hold times with 
respect to RAS and CAS, and if these specifications 
aren't met, the read or write cycle could fail. Therefore, 
the designer must consider the complex requirements 
very carefully, eliminating any timing skews, control or 
address line noise, and power supply noise.The dy- 
namic nature of a DRAM means that data is stored in 
the charge of a capacitor, causing the charge to leak 
over time and the data to be lost. To prevent data loss, 
the DRAM must be periodically accessed to guarantee 
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that the charge will remainin memory. This operation is 
called a refresh cycle and for a 1M DRAM, all 512 rows 
have to be refreshed every 8 ms. This requires the 
DRAM interface circuit to access each row in the mem- 
ory by means of either a read, write, or refresh cycle 
every 15.6 ys. Failure to execute a refresh cycle in the 
specified interval will cause the cell to leak off the 
charge, resulting in data errors. A refresh cycle consists 
of using a row address to access the appropriate row 
and executing a RAS cycle to refresh all the cells in that 
row. No CAS or column address is required. 


DRAMs specify several refresh cycles: RAS-only re- 
freshing in which an external counter drives the ad- 
dress on the address pins; CAS before RAS refreshing 
in which an internal address counter is used; and 
hidden refreshing which is executed during a normal 
refresh cycle. For all refresh cycles, an external timer is 
required to signal the control circuit to initiate the 
cycle. Memory control circuitry must also have to 
arbitrate between an active refresh request and active 
memory cycle, ensuring that the refresh interval is not 
exceeded. 


An important system design consideration is the stan- 
dardization of pinouts and package size so that the 
circuit can be upgraded with the next generation of 
higher density chips (figures 10, 11, 12, 13). It is also 
advantageous to design a circuit with options that 
allow the density of the memory board to be upgraded, 
saving the expense of developing a new board with 
each new generation. For example, in the past, amem- 
‘ory board could be designed to easily accommodate 
both 64K x 1 and 256K x 1 DRAMs, both of which were 
packaged in a 16-pin plastic DIP. The only difference 
was that most 64K memory chips had one pin desig- 
nated as a no connection. To accommodate the 256K x 
1 device, the extra address line Ag was added to the 
circuit to allow operation with both devices. 
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Figure 10. Typical 256K x 1 DRAM 
Pin Configuration 
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Figure 11. Typical64Kx4DRAM ... Figure 12.. Typical 1 Meg x 1 DRAM 
Pin Configuration ... Sate oy Pin Configuration 
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Typical 256K x 4 DRAM 
Pin Configuration 


Figure 13. 
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Designing the system to use either memory size also 
affects the multiplexing and address decoding logic. 
Compatibility between 256K and 1M DRAMs is more 
difficult because the number of pins increases from 16 
to 18 pins to accommodate the additional Ag address. 
The current 1M and future 4M DRAMs have the same 
number of pins, with the additional Ay address line 
designated for pin 4 on the DIP package, pin 5 on the 
SOu, and pin 10 on the ZIP. The trend in DRAM packag- 
ing is evolving from predominantly DIP packages in the 
256K era to surface-mounted SOJs and high-density 
ZIPs in the 1M and 4M eras. 
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The size of the package is another concern the de- 
signer must address when choosing 1M and 4M 
DRAMS. The transition from 256K to 1M DRAMs saw a 
change from the 16-pin packages to 18-pin packages. 
The 1M to 4M evolution represents a crossover gener- 
ation in SOJ package width—from 300 to 350 mils. 
NEC’s SOJ-packaged 1M pPD421000 has a specified 
width of 300 mils, but because of the larger die needed 
to implement the 4M DRAM, a width with an additional 
50 mils is required for the initial 4M SOJ package. The 
1M and 4M ZIP packages remain the same size, while 
the 4M DIP is 100 mils larger than the 300-mil DIP for the 
1M DRAM. Because the surface-mounted SOJ package 


_ is projected to be the dominant package type in the 


future, some manufacturers may market compatible 
300-mil packages for the 1M and 4M devices, but the 
trend will be toward even larger package sizes. For 
example, packages for the 16M DRAMs are likely to be 
400-mil SOJs and 475-mil ZIPs, while the DIP package 
eventually will be phased out. 


The typical development cycle of a DRAM includes a 
second generation of 4M DRAMs, scaled in size to 
optimize access time and die size. This scaled or shrink 
version will allow the die of a 4M DRAM to be mounted 
in a 300-mil SOJ package that is compatible with the 
SOJ package of a 1M DRAM. Also, the shrink version of 
the 4M DRAM will provide a very fast access time of 
60 ns. 


The trend in DRAM technology has seen a quadrupling 
in capacity about every two to four years, a result of 
fewer features and estimates that the 64M DRAM could 
use 0.35 pm technology. One major concern with very 
high density memory chips is test time. The widely 
used GALPAT standard has a test complexity of 4n2 + 
4n for an n-bit RAM and needs about 162 days to test a 
4M RAM chip with a cycle time of 200ns, which is 
unacceptable in today’s manufacturing environment. 


To reduce this test time, NEC has built into its 
uUPD421000 1M DRAM a test function that reorganizes 
the 1M x 1-bit part into a 256K x 4-bit configuration 
(figure 14). The 1M test mode is enabled by applying a 
super voltage (Vcc + 3 volts) to pin 4 on the 1M DIP 
package (figure 15). While this super voltage is being 
applied, the internal configuration is changed to a 4-bit 
width intended to be used in a testing environment 
rather than in a circuit environment. Pin 4 should be 
regarded as a no connection, and as long as standard 
TTL voltage levels are connected to this pin, the 1M 
DRAM will remain in its normal operating state. 
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Figure 14. Internal Test Circuit Block Diagram 
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Figure 15. 


r<—> 'Tes =O ns 


Notes: 

(1] Vi = 9.5 V + Voc/2. 

{2] Vi_= 1 V min and 7 V max. 
[3] Maximum voltage = 12.5 V. 
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Timing of 1 Meg DRAM Internal Test Circuit 


| > i tTEHC = Ons 
<———>_ 'TEHR=Ons 


[4] When a test cycle is executed, access times, device power, and the level 


of Vcc are higher than normal. Therefore, a test cycle should only be 


executed for verifying functional operation of the device. 


[5] Data output is high impedance during a write cycle in read-modify-write 


test operation. 


[6] Data output is high impedance after RAS goes high in a hidden refresh cycle. 
[7] Four bits in a test cycle are treated the same as four bits in nibble mode. 





The same test strategy is implemented for the 4M 
DRAM, except that pin 4 on the DIP package becomes 
the new Ajo address line and the test mode is initialized 
with logic functions rather than a super voltage. The 4M 
test mode will be initialized when the WE and CAS 
signals are active before the RAS signal is asserted, 
similar to a CAS before RAS refresh cycle, except that 
WE is asserted at the same time as the CAS signal 
(figure 16). The memory designer must ensure that the 
memory control logic does not execute WE and the 
CAS before RAS cycle during normal operation, which 
would cause the device to be configured into a 4-bit 
organization and errors to occur. The test issue is a 
major concern for future DRAM products. The 16M 
DRAM may have a built-in test circuit that can execute 
simple test programs and detect on-chip failure, but at 
this time no standard 16M test procedure has been 
defined. 
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Pseudostatic RAMs 


The advantage of using a static RAM is its simple 
interface circuit and its static nature, which means it 
doesn’t have to be periodically refreshed to retain data. 
Alternatively, a dynamic RAM provides greater density 
and a lower cost per bit. One approach that tries to 
provide the best attributes of both devices is the 
pseudostatic RAM, a chip that uses dynamic storage 
cells but contains all refresh logic on-chip so that it is 
able to function similarly to a static RAM. NEC’s 
UPD428128 is a 128K x 8-bit pseudostatic RAM that 
offers a system designer a byte-wide RAM with the 
density and simple interface of a 1M DRAM (figure 17). 
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Figure 16. Timing of 4 Meg DRAM Internal Test Circuit 


14 


Notes: 


[1] RAS-only refresh or CAS before RAS refresh may be executed to transistion 
from a test cycle. 


{2] For x 1 parts Dour is high if all 8 bits are equal, and low if all 8 bits are not equal. 


{3] For x 4 parts, all I/O pins are enabled and Day is high if all 2 bits are equal, 
and low if all 2 bits are not equal. 


[4] Address compression control bits are defined below. 


Data Bus Width (bits) Control Address Bits (Don't care address) 
Te | ATOR, at00, aoc (or x 1 bi) 


AOC (for x 4 bit) 
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Figure 17. Block Diagram of Pseudostatic RAM 
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Pseudostatic RAM are nearly, but not quite, as easy to 
use as fully static RAMs. Because pseudostatic RAMs 
must execute internal refresh cycles periodically, there 
is a potential for a conflict between an external access 
request and an internal cycle. The uPD428128 uses two 
types of refresh cycles, pulse and self-refresh, each of 
which requires an extra RFSH function pin. In pulse 
refresh operation, the RFSH signal is asserted during a 
read or write cycle, allowing refreshing to occur during 
a valid memory cycle, NEC’s other pseudostatic RAM, 
the 32K x 8-bit uPD42832 (now obsolete), was packaged 
in a 28-pin plastic DIP and did not have a separate 
RFSH pin. As a result, external pulse and self-refresh 
operations were controlled by the CE and OE/RFSH 
signals. 


The yPD428128, on the other hand, is packaged in a 
32-pin package and has separate RFSH (pin 1), CE (pin 
22), OE (pin 24), and CS (pin 30) signals. Similar to its 
counterpart in the 32K x 8-bit uPD42832, the CE pin can 
control external or CE-controlled refresh cycles, but 
only the separate RFSH signal can control pulse re- 
freshing. Also, self-refresh cycles are generated by the 
RFSH signal and feature a very low 200 WA self-refresh 
current. Therefore, the pseudostatic RAM, with its lower 
cost per bit, simplified interface circuit, and low self- 
refresh current fills a cost and performance niche 
between the higher priced SRAM and the more complex 
DRAM. 











NONVOLATILE MEMORIES 


Unlike SRAMs and DRAMs, which lose data as soon as 
power is removed from the device, nonvolatile memo- 
ries have the capability to store data indefinitely, even 
when power has been removed. Although these devices 
have slower access times and are not usually part of 
the high performance memory hierarchy, they are able 
to store data for functions involving communications, 
CRTs, keyboards, and other peripheral circuits. In to- 
day’s system development environment, the designer 
can choose from erasable programmable read-only 
memories or one-time programmable EPROMs, electri- 
cally programmable ROMs (EEPROMs), and mask- 
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programmable ROMs, each of which has a different 
effect on product development and manufacturing in 
terms of functionality, compatibility and cost. 


EPROMs 


EPROMs offer the system designer a nonvolatile mem- 
ory source and also the ability to erase and program. 
EPROMs are programmed by an instrument called a 
PROM programmer and then inserted into an applica- 
tions system. EPROMs retain their data for years with- 
Out power, and can be erased by shining an ultraviolet 
light into the window in the top of the IC package. The 
EPROM can then be reprogrammed any number of 
times. Programming requires a special programming 
voltage (Vpp) which is typically 12 to 25 volts, depend- 
ing onthe type of device. The programmer interfaces to 
the EPROM, supplying the control signals, address, 
data and Vpp for each address and follows an algorithm 
that programs and verifies the data being written into 
the device. Early EPROM designs required a 25 volt 
programming voltage, which was reduced in succeed- 
ing generations to 21 volts and then to 12.5 volts. 


EPROMs are used to storing a local program for system 
initiation, baud rate and data formats for CRT terminals 
and character translation for keyboards. Such applica- 


‘tions require the EPROM to interface directly to the 


CPU’s local bus, which may be 8, 16 or 32 bits. For this 
reason, most EPROMs are configured as a byte-wide 
(8-bit) device, requiring a relatively large, 600-mil pack- 
age and pinout. EPROMs are primarily intended to be 
used in the circuit development phase and replaced 
with less costly one-time programmable devices such 
as OTP EPROMs and mask-programmable ROMs in the 
production phase. This requires compatible package 
sizes and pin assignments across the family of nonvol- 
atile devices. To accommodate this compatibility issue, 
nonvolatile devices use a standard byte-wide format 
for package size and pin assignments (figure 18). If the 
designer designs a circuit to upgrade from an EPROM 
of one size to an EPROM of the next size, the required 
jumper options need to be implemented to reconfigure 
the circuit to the next highest density. 


Figure 18. EPROM/ROM Pinout Compatibility 


pPD23C1000 


uPD23C1000E 


HPD27C1000 





EEPROMs 


One disadvantage of the EPROM is that it cannot be 
programmed while it is in a circuit. The EEPROM solves 
that problem by providing a write function that can be 
used while the EEPROM is still in the circuit. The 
microprocessor can write to the EEPROM just as if it 
were a RAM and continue with other operations during 
the long write cycle time. NEC’s 8K x 8-bit uPD28C 64 
EEPROM includes a feature called DATA polling to 
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pPD23C1024 


uPD27C1024 
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indicate when a write cycle is complete (figure 19). If the 
EEPROM is read while an internal write cycle is in 
progress, the EEPROM returns the complement of the 
last data written. Thus, the system software can deter- 
mine when the write cycle is complete by reading the 
location last written and comparing it to the data being 
written. The EEPROM can accomplish this because it 
includes on-chip latches and an automatic "erase be- 
fore write” function. 
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Figure 19. DATA Polling Flow Chart 
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End of write 


operation 


The microprocessor can execute other instructions 
and periodically poll the EEPROM to determine if the 
write cycle is complete. The uD28C64 also includes 
protection against accidental write cycles at power 
down (figure 20). For a write cycle to occur, WE and CE 
must be asserted low and OE must be high. It is unlikely 
that this combination would occur during power tran- 
sitions. Additional write protection is provided by a 
noise immunity filter that inhibits write operation when 
the WE pulse is 20ns or less, and when the power 
supply voltage level is detected to be 2.5 voits or less. 


The uPD28C64 optimizes the write cycle with a feature 
that speeds effective access time when writing a series 
of 32 bytes simultaneously (figure 20). The 8K x 8-bit 
device is compatible with the byte-wide pin assignment 
standard and is pin-compatible with the 8K x 8-bit 
EPROM and SRAM. While the 8K x 8-bit device is 
targeted at the larger capacity EEPROM applications, 
several small devices provide a low-cost solution for 
low-end systems. The uPD28C04 is such a device and is 
orgnanized as 256 x 8 bits and provides the same write 
and protection features as the uPD28C64. 
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Figure 20. Error Write Protection 
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Figure 21. «PD28C64 Page Write Cycle 





{1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vit 


Parameters tyyp and tcyware defined only for the period when both 


CE and WE are at Vj. 


Mask-Programmable ROMs 


The ability to erase an EPROM is an important feature, 
especially during the product development phase 
when the EPROM code is frequently changed. When the 
product enters its manufacturing stage and the pro- 
gram code becomes fixed, the extra cost due to the 
special package with a transparent lid is difficult to 
justify. Mask-programmable ROMs, which are pro- 
grammed during the manufacture of the chip itself, are 
less expensive. NEC produces mask-programmable 
ROMs and will also manufacture the custom mask 
required for the device. There is a charge and lead time 
required for producing the mask, but for high-volume 
applications, the mask can be amortized with a cost 
savings compared to the standard EPROM. Typically, 
the mask-programmable ROM is compatible with the 
byte-wide standard used in EPROM devices for feature 
and package compatibility. 


One of the disadvantages of the mask-programmable 
ROM is that if a bug is found in the code, the mask has 
to be replaced at a large cost. A one-time programma- 





Valid ¢ ; 
{Last Byte} 


[4] The page cannot be changed in the middle of apage _ 
write cycle. Address inputs As— A452 must be supplied for 
every byte load cycie and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs A g— A gare altered for each 
byte load cycie and determine the individual byte to be 
written within the page. 


{5] A maximum of 32 bytes may be loaded in a single page 
write cycie. 
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ble (OTP) EPROM fills the gap between the standard 
EPROM in cost and functionality because this product 
can be programmed like a standard EPROM, but can- 
not be erased. Since it doesn’t have the special EPROM 
package with transparent lid, the cost is less than an 
EPROM but higher than a mask-programmable ROM. 
The mask charge and lead time is eliminated and the 
parts can be inventoried in their unprogrammed state 
and programmed just prior to final assembly. Waste 
caused by program changes is thus minimized, and 
only one part type is purchased for any number of 
different programs. 


Silicon File 


Inthe past, there has existed a technology gap between 
the faster primary and the slower secondary memories 
(figure 22). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000 to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled devices and magnetic 
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bubble memories have not proved cost-effective in 
closing the technology gap and thus have had little 
impact on system design. 


Standard semiconductor memory in the secondary 
level is able to bridge this gap, and of the various 
alternatives, battery backed-up static RAM and 
EPROM/EEPROM technologies historically have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted to low-capacity applications, 
since the high cost of static RAMs prohibits using them 
either as replacements for magnetic media or in appli- 
cations where the operating environment makes rotat- 
ing media too unreliable. 


NEC’s pPD42601 silicon file, a device with higher per- 
formance, higher capacity, and lower power require- 
ments is also able to bridge this performance gap. The 
silicon file is based on DRAM technology and provides 
the capacity and reliability of a standard DRAM, but 
also features a way to retain data by means of batteries 
when power is shut off. Although reliability and rugged- 
ness are important attributes of solid-state memories, 
the silicon file also offers advantages such as lighter 
weight, higher I/O bandwidth, and simpler interfacing. 


The silicon file is an economical mass storage device 
specifically designed to replace magnetic media in 
silicon disk, solid-state recording, and system backup 
applications. It is based on the trench cell technology 
of NEC’s 1M DRAMs and implements the same read and 
write cycles (figure 23), but optimizes system band- 
width with a page cycle that repeatedly pulses CAS 
while maintaining RAS low (figure 24). The silicon file 
must also periodically execute standard RAS-only and 
CAS before RAS refresh cycles to refresh its cells within 
a specified interval of 32 ms, which is four times slower 
than a 1M DRAM. 


An important feature of the silicon file is its ability to 
retain data while being powered by a backup battery. 
This is accomplished by means of a self-refresh cycle 
that can be used in applications requiring a low data 
retention or self-refresh current. The RFSH control sig- 
nal goes low while the RAS signal is clocked at a 
relatively slow rate (tacr). Since data loss is caused by 
leakage, and leakage current is a function of tempera- 
ture, tacr is specified at three temperature ratings: 50° 
C, 60°C, and 70°C. Each rating has a corresponding 
refresh current (directly proportional to the refresh 
rate) which is required to maintain data (table 2). 
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Self-Refresh Current Versus Clock 
Frequency and Temperature 


Table 2. 


Type Temperature RAS Clock Maximum Current 
HPD42601 -60L 0 to 50°C 50 KHz 30 WA 

0 to 60°C 100 KHz 60 pA 

0 to 70°C 200 KHz 120 pA 
HPD42601-60 0 to 70°C 200 KHz 120 yA 


Self-refresh cycles are intended to be used when power 
to the silicon file’s memory array is shut down for an 
extended amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage between 4.5 and 5.5 
volts while pulsing RAS at the given tacr frequency and 
driving RFSH low. As long as the circuit can maintain 
these operating conditions, the silicon file will retain 
data. 





Figure 22. 
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Figure 23. Silicon File Read Cycle 
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Figure 24. Silicon File Page Read Cycle 
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Introduction 


The current trend in storage devices is toward larger, 
faster, better-performing products. There is a comple- 
mentary trend toward the development of storage 
devices designed for specific purposes. The video 
buffer is an example of a dedicated device. Line 
buffers, field (frame) buffers for TV and broadcast 
equipment, and graphics buffers for computers are 
examples of video storage devices. Table 1 shows some 
of NEC’s dedicated video buffers. 


Table 1. 
Function 


Video Buffers 
Product 


Storage Configuration 


Application Note 54 
uPD42505 Line Buffer 
For Communications Systems 


Serial Cycle Time Application in Video/Optical Systems 


Line buffers uPD42505 5048 x 8 50 or 75 ns Line storage in facsimile machines, 
copiers, and scanners 
uPD41101/uPD42101 910 x 8 34 or 69 ns Double-speed scan conversion for 
NTSC TV, Juma/chroma separation 
vPD41102/ uPD42102 1135 x 8 28 or 56 ns Double-speed scan conversion for 
PAL TV, luma/chroma separation 
Field buffer uPD42270 263 x 910 x 4 60 ns image field storage 
Dual-port graphics ~ uPD41264 64K x 4/256 x 4 40 or 60 ns High-speed drawing device 
buffers uPD42274/uPD42273 256K x 4/512 x 4 30 or 40 ns 
Triple-port graphics pPD42232 32K x 8/256K x 1/128 x 8 40 or 60 ns ‘High-speed drawing/image 
buffer processing device 
Bidirectional data uPD42532 32K x 8 — 100 ns Data transfer rate conversion 


buffer 


This application note introduces the uPD42505, a high- 
speed. serial access device with the same general 
interface specifications as those of the wPD41101. The 
uPD42505 was developed specifically for office auto- 
mation equipment that handles a large amount of data 
in each horizontal line, equipment such as G3 and G4 
digital facsimile machines, high-performance copiers, 
and image scanners. 


There has been a great deal of technical progress 
toward higher quality and performance in the devel- 
opment of this image-processing equipment. For 
example, there are already advances in image quality 
using two-dimensional filtering, image contraction 
and expansion, and high-speed video signal transfer. 
The wPD42505 achieves optimal processing with a 
storage array of 5048 x 8 bits, and by use of an internal 
algorithm to read out data in the order in which it was 
input. The fast cycle time of 50 ns allows the wPD42505 
to perform various types of image processing. 


Figure 1 shows a typical application for the 4PD42505 
using a digital copier as an example. 


A digital copier mainly consists of a reader and a 
printer section. The image reflected from the original 
document placed in the scanner section is input to an 
image sensor (e.g., a CCD or contact-type image 
sensor) and photoelectrically converted to a digital 
signal. The digital signal is then input to the image 
processing section for image quality improvement and 
processing. The electronic image signal processed in 
the reader block is sent to the printer block, converted 
to light in the laser modulation section, developed, 
fixed, and printed out. If a communication facility is 
added to this copier, it can function as a facsimile 
machine. ~~ 


Digital copiers and facsimile machines configured in 
this way can use dedicated video buffers in the image 
processing or transmission section. 
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Figure 1. 
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Uses for the vPD42505 


The following discussion describes the types of 
applications for which the uwPD42505 was developed: 
frequency (speed) conversion, a data delay line for one 
horizontal scanning line, and buffering for data trans- 
fer operations in a simple configuration with simple 
control. 


Consider the need for a device that asynchronously 


converts the read and write speed for frequency 
conversion, e.g., a serial access device used for image 
contraction or expansion, with a word length of one to 
two horizontal lines. The buffer must be written to and 
read from asynchronously and at different rates. High 
speed is also a requirement. Figure 2 illustrates a 
frequency conversion application. 
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Figure 2. Frequency Conversion 
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Another application might require a data delay line 
with a delay length of one to two lines. This type of 
buffer could be used for image quality improvement in 
two-dimensional filtering, especially for filtering in the 
vertical direction, because it could be written to and 
read from simultaneously in synchronization with a 
single clock signal. Figure 3 illustrates two-dimen- 
sional filtering. 


A third application is a buffer for data transfer 
operations. This application requires a device large 
enough to store the amount of data handled, with the 
capability to read and write asynchronously, simul- 
' taneously, and at different speeds. An output such asa 
flag to indicate the amount of data in the storage array 
might also be required. Figure 4 illustrates buffering for 
data transfer. 


Figure 3. Two-Dimensional Filtering 
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Figure 4. Data Transfer Buffering 
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These applications typically require a double-buffer 
configuration using high-speed SRAMs for data stor- 
age in bits, as shown in figure 5. 


In the first phase, data is written to the first SRAM while 
data in the second SRAM is read simultaneously, 
alternating operations between the two SRAMs. How- 
ever, this operation requires components such as read 
and write address counters, a multiplexer to switch 
address signals according to the read and write state of 
each device, a multiplexer to switch write data input 
and read data output, and a sophisticated controller to 
control the SRAMs and the other components. The 
uUPD42505, by performing some of these functions 
itself, considerably simplifies these applications. 
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Figure 5. Typical System Using High-Speed SRAMs 
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Features of the .PD42505 


The uwPD42505 is a 5048-word x 8-bit high-speed serial 
access device that uses 1.5-4~m CMOS processing and 
dual-port storage cell circuits allowing simultaneous, 
asynchronous read and write cycles at different 
speeds. An internal algorithm makes an external 
address signal unnecessary. 


Read and write operations are fully and independently 
controlled by their own set of control signals. The 
storage array length of 5048 words meets the size 
required to sample one line of JIS A3-size paper on the 
shorter side (297 mm) with a sampling rate of 16 
dots/mm (400 dots/in). On the longer side (418 mm), 
the sampling rate is 12 dots/mm (300 dots/in). The 
uPD42505 can easily process document data for each 
line. The configuration of 8 bits to 1 word corresponds 
to the number of bits for one sampling point, which 
allows the device to process natural-looking images. 


The wPD42505 can be used in video applications that 
require high-speed processing because of its minimum 
simultaneous write/read cycle time of 50 ns and 
maximum access time of 40 ns. For example, the cycle 
time of 50 ns is fast enough to digitally process an 
NTSC or PAL composite video signal ata sampling rate 
of four times the color subcarrier frequency (4fsc). 


The uPD42505 is particularly suitable for use as a 
digital delay line with a delay length of up to 5048 
cycles in one-cycle steps. The device is mounted in a 
300-mil, 24-pin plastic slim DIP. The 300-mil width 
allows high-density mounting. 
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uUPD42505 Pinout 


Pins 1 through 12 control read operation (Douto-DouTz, . 





RSTR, RE, and RCK) and the GND pin. Pins 13 through 
24 control write operation (Djjo-Din7, RSTW, mE and 
WCK) and the power supply (Vcc). 





RSTW and RSTR are control signal inputs that reset 
the internal read and write address pointers to starting 
address 0. These pins are useful for initializing the chip 
after power-on or for returning the address to 0. 


Figure 6. PD42505 Pin Configuration 
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WE and RE are control signals that enable (low). or 
disable (high) write and read operation. When WE is 
high, write operation is disabled and the write address 
stops at the current value. When. RE is high,: read 
operation is disabled, the read address stops at the 
current value, and the output goes to high impedance. 
WE and RE may be input at any time, but they are 
latched in each cycle at the feing edge of WCK or RCK, 
respectively. 


WCK and RCK are the write and read system clock 
inputs. One write or read cycle is executed. in syn- 
chronization with each WCK or RCK input when WE or 
RE is low. The write or read address is incremented 
internally in single steps and wraps around auto- 
matically from 5047 to 0. 


Dino-Din7 are the write data input pins. Write data is 
clocked into the chip at the rising edge at the end of the 
WCK cycle. Doyto-Dout7 are the read data output 
pins. Read data is output when the access time has 
elapsed from the rising edge at the beginning of the 
RCK cycle. 
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Read and Write Timing 


Input a low-level signal to RSTW (for writing) or RSTR 
(for reading) to satisfy the setup and hold times measured 
from the rising edge at the beginning of the WCK or 
RCK cycle. This returns the cycle to starting address 0. 
Figure 7 shows read.and write timing for the wPD42505. 


As the figure shows; the RSTW or RSTR signal can end 
in one write or read cycle or can be repeated for 
successive write or read cycles. Repeating the reset 
cycle holds the address at 0. The address is incre- 


mented to address 1 only in a cycle when RSTW or, 





RSTR is set high at the rising edge of the WCK (RCK) 
cycle. For write reset, the write data clocked in the last 
reset cycle is written to address 0. For read reset, the 
data in address 0 is output continuously. After the 
reset, write or read operation continues as the address 
is incremented by 1 for each cycle in synchronization 
with its appropriate clock. When the internal address 
reaches 5,047 (i.e., when write or read cycles are 
executed 5,048 times), the address returns to address 0 
and the write or read operation starts over at that point. 


Speed Conversion. Independently controlling the read 
and write operations of the uwPD42505 allows you to 


perform speed conversion. For example, when the read. 


and write addresses are initialized by RSTW and RSTR, 


Figure 7. Read and Write Timing 


Notes: 
(1) WE = RE = ViL. 
[2] V = Valid data. 
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data is written in synchronization with WCK and the 
write data is written to the chip from device address 0. 
Data written can be read out from address 0. In this 
case, the reset signal input timing and the clock signal 
speed (cycle time) can be independently controlled for 
read and write operation. The uPD42505 can be used 
for speed (frequency or time axis) conversion by 
outputting the data previously input with an arbitrary 
drive frequency and time at a different drive frequency 
and time. 


Digital Delay Line. To use the uwPD42505 as a digital 
delay line, input the same clock to WCK and RCK and 
reset the read and write cycles in parallel. Written data 
is read out after 5,048 cycles to provide a 5,048-cycle 
digital delay line. 


There are three ways to control the delay length: 


@ By controlling the WE and RE signals 


_ @ Byinputting RSTW and RSTR at different times (the 


delay length is determined by the offset between the 
signals) 


®@ By changing the reset signal interval when RSTW 
and RSTR are concurrently controlled (the delay 
length is determined by the reset signal input 
interval) 
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The delay length can be changed in one-cycle steps by 
controlling WE and RE. When WE and RE are high, 
write and read operation is disabled. The write and 
read addresses remain where they were when the 
operations were disabled, regardless of WCK and RCK. 


When RSTW and RSTR are used to control the delay 
length, the data written at address 0 when RSTW is 
input is read out from address 0 when RSTR is next 
input. The offset between RSTW and RSTR determines 
the delay length. 
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In the third method, changing the reset signal input 
interval, the same signal is used for WCK and RCK so 
that RSTW and RSTR are controlled together. The 
data, written after a reset signal, is read out after the 
next reset signal in the order it was written. This 
interval determines the delay length. For example, if 
the reset signal is input every 4,800 cycles, the delay 
length is 4,800 cycles. Figure 8 shows the timing for 
this method. 





Figure 8. Controlling Delay Length with the Reset Interval 








(1] V = Valid Data. 
[2] 1H = the first group of n bits. 2H = the second group of n’bits. 
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Functional Blocks 


The write data input from pins Djjo-Din7z goes through 
the Diy buffer and is serially written to either a static 
cell in an 8-byte configuration, or a dynamic cell ina 
5,040-byte configuration, one byte (8 bits) at a time, in 
synchronization with WCK. The data read out from 


Figure 9. pPD42505 Block Diagram 
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these cells is serially output from the Doyt pins 
through the sense amplifier and the Dour buffer, one 
byte at a time, in synchronization with RCK. The read 
and write control circuits control these operations. 
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Storage Cells 


The uPD42505 uses dual-port storage cells to allow 
read and write cycles to be executed asynchronously 
and at different speeds. Figure 10 shows a circuit 
diagram ofa static dual-port storage cell, and figure 11 
shows a dynamic dual-port storage cell. 


In the static cell, read and write data are input as a 
differential signal so that it can operate at a higher 
speed. The circuit size is larger because it requires 
more components. 


Figure 10. Static Dual-Port Storage Cell 
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The dynamic cell has only one bit line for read 
operation and one for write operation. It requires a 
longer data sense phase, reducing the speed. However, 
it can be configured with fewer components. 


Both types of cells are used in the 4PD42505 to exploit 
the advantages of each. Other than initializing the 
internal address pointer to the starting address with the 
reset signal, the 4PD42505 is configured so that the 
internal address is incremented one bit at a time and 
data is serially accessed. After a reset operation 
(immediately changing the addressing sequence), a 
static dual-port storage cell that can operate at higher 
speed is accessed. Simultaneously or subsequently, a 
dynamic cell is used as a pipeline, allowing both types 
of cells to be accessed at high speed. 


Pipeline operation refers to an instance where the word 
line (row) to be selected next is set to the selected level 
in advance, so that it can be written or read at high 
speed in the time required to select a column in 
dynamic static-column mode. 


Shift registers are used as read and write column and 
row selectors to enable the sequential selection of 
write or read addresses in pipeline processing. 


Applications 


Signal processing technology aims toward higher 
quality in the development of digital copiers and 
facsimile machines. As examples, consider image 
quality improvement processing such as the adaptive 
bilevel control technique, which produces a stable and 
accurate binarization regardless of the original docu- 
ment type, and the two-dimensional equalizing filter, 
which corrects fading in photoelectric signal conver- 
sion. The uPD42505 fits easily into these processes. It 
can also reduce system size and cost. 


Two-Dimensional Filter 


In handling an image with half-tones, e.g., a photo- 
graph, there is some deterioration in the image quality, 
such as thin lines and small characters fading out; 
fading is usually caused by the lens or photoelectric 
signal conversion system in a CCD sensor. A two- 
dimensional filter is very effective in enhancing 
contours where contrast changes sharply and in 
reducing the fading problems. Figure 12 shows a 
contour enhancement circuit. 
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Figure 12. Contour Enhancement Circuit 
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In this example, the video input is handled as a 4-bit 
signal so that a circuit with a delay length equal to two 
scanning lines can be configured with a single 
uPD42505. Adding adders or subtractors and multi- 
pliers to the wPD42505 completes the contour 
enhancement configuration. 


The video signal of the n+1th line (delayed by one 
scanning line) is input to Djjo-Ding and output from 
Douto-Dout3 as the nth line. Applying this output 
directly to Djn4-Dinz delays the video signal another 
scanning line before it is output from Doyt4-Dout7 as 
the n—1th line. There is a delay of one scanning line 
between the signal input to Dijo-Ding and the signal 
output from Douto-Dout3, and a delay of another 
scanning line between the signal input to Dyjyq-Dinz 
and the signal output from Doyt4-Dourtz. Processing 
these signals in the adders and multipliers provides 
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contour enhancement in the vertical direction. You can 
control the delay length by controlling the reset signals 
(RSTW and RSTR) and the clock signals (WCK and 
RCK) in common, and by controlling the reset signal 
input interval. 








The delay length of one scanning line is used in various 
applications for two-dimensional data processing. The 
uPD42505 can also be used in applications such as 
VTR jitter compensation (time axis variation) caused 
by the variance in head drum rotation rate or the expansion 
or shrinkage of the tape, applications requiring 
variable-length delay lines to contract or expand a 
video image in the horizontal direction, applications 
involving the synchronization of two or more digital 
signal inputs, and as a line buffer in data transfer 
operations between devices using different data trans- 
fer rates. 
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Figure 13. uPD42505 5048 x 8 Line Buffer 
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uPD42101/42102 
High-Speed Line Buffers 





Introduction 


The wPD41101 and wPD41102 are high-speed serial 
access line buffers organized as 910 words x 8 bits and 
as 1135 words x 8 bits, respectively. An algorithm that 
enables data to be read out in the order in which it was 
input makes these devices suitable for use as data 
delay lines or for converting data transfer rates, e.g., as 
buffer storage used for data transfer between devices 
with different data processing rates. 


The wPD41101 can process an NTSC composite video 
signal (the TV system used in Japan and North 
America) that has been previously digitized. The fast 
access times of the device allow a sampling frequency 
of four times the color signal subcarrier frequency 
(where fgc = 3.58 MHz and 4fgc = 14.32 MHz) for 
each scanning line to be used. This means that 910 
addresses are required for each scanning line when 
sampling at 4fsc. 


The wPD41102 can process a PAL composite video 
signa! (the TV system used in European countries 
other than France) that has been previously digitized. 
This device also uses a sampling frequency of four 
times the color signal subcarrier frequency (where fgc 
= 4.43 MHz and 4fgc = 17.72 MHz) for each scanning 
line, which means that 1135 addresses are required for 
each scanning line when sampling at 4fgc. 


Figure 1 shows the pin configuration for these devices. 
The Dino-Din7, RSTW, WE, and WCK pins control write 
operation, while Doyto-Dout7, RSTR, RE, and RCK 
control read operation. The pins are organized to 
operate asynchronously and at different speeds simul- 
taneously. A built-in serial address generator auto- 
matically generates read and write addresses so that 
an address need not be supplied externaily. 





High-Speed Operation 
Write and Read Operation 


Write and read cycles are executed identically. One 
address of data (8 bits) is written or read in one cycle 
in synchronization with WCK or RCK when WE or RE 
is low. The write or read address is incremented by 1 
at the falling edge of each write or read clock. Write 
data must satisfy setup and hold times as measured 
from the rising edge of WCK. 








Figure 1. Pin Configuration 
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The RSTW and RSTR reset signals initialize the write 
and read address pointers to 0. A reset signal must be 
input to satisfy the setup and hold times as measured 
from the rising edge of WCK or RCK. Once the address 
is initialized, a write or read cycle is executed in 
synchronization with its respective clock and the 
pointer is incremented by 1. In the wPD41101, the 
pointer returns to 0 after address 909. In the wPD41102, 
the pointer returns to 0 after address 1134. 


When WE is high, write operation is disabled and the 
line address is held regardless of the status of WCK. 
When RE is high, read operation is disabled, the output 
goes to high impedance, and the line address is held 
regardless of the status of RCK. 


Functional Blocks 


The write data from Djno-Din7 goes through an input 
buffer and is serially written to either a static cell in an 
8-byte configuration, or a dynamic cell in an 1136-byte 
configuration, one byte (8 bits) at a time, in synchroni- 
zation with WCK. The data read from these ceils is 
serially output from the Dour pins through a sense 
amplifier and the output buffer, one byte at a time, in 
synchronization with RCK. The read and write circuits 
control these operations. 


WCK, WE, and RSTW are input to the write control 
circuit. RCK, RE, and RSTR are input to the read 
control circuit. These segments are composed of simple 
gate circuits (figure 2). 





The uPD42101 and wPD42102 exactly replace the uPD41101 and wPD41102. 
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Figure 2. Block Diagram of the 1.PD41101 and uPD41102 
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Storage Cells 


The wPD41101 and wPD41102 use dual-port storage 
cells to execute read and write cycles asynchronously 
and at different speeds (figures 3 and 4). 


Static Cell Organization. in the static cell, two pairs of 
transfer gates (one pair each for read and write 
operation) are connected to the flip-flop in the middle. 
The other end is connected to a pair of bit lines for read 
operation (RD, RD), and another pair for write opera- 


tion (WD, WD). One word line each for RW and WW are 
connected to the transfer gate pins. 


When the word line for a write cycle (WW) goes to the 
selected level, and write data is applied to the pair of bit 
lines (WD, WD) of the selected column, a write cycle is 
executed on the cell where the row (word line) and 
column (bit line) intersect. 


A read cycle is executed independently. When the 
word line goes to the selected level (RW), data is trans- 
ferred to the bit line pair (RD, RD) through a transfer 
gate. Data is selected by the column signal and read 
externally. Datain the storage cell at the intersection of 
the selected row and column is also read. 


Read and write data are input as a differential signal so 
that the static dual-port cell can operate at a higher 
speed. The circuit size is larger because it requires 
more components. 


Dynamic Cell Organization. Each dynamic array in 
the uPD41101 and wPD41102 consists of two subarrays 
with 71 rows apiece. Each row of the subarray consists 
of 8 (number of bits) x 8 addresses (bytes). Each row of 
each subarray therefore has 8 subword lines. Figure 5 
shows the organization of a dynamic array. 


The uPD42101 and wPD42102 exactly replace the ¢PD41101 and wPD41102. 
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Figure 3. Dual-Port Static Storage Cell 
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Figure 5. Organization of Dynamic Storage Array 
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The dynamic cell has only one bit line for each read 
(RD) and write (WD) operation, one word line for each 
read (RW) and write (WW) operation, three transistors, 
and one capacitor. Although the longer data sense 
phase reduces its speed, a dynamic cell can be con- 
figured with fewer components and used for high- 
density integration. 


In a write cycle, write data input through the bit line 
(WD) is guided through a transfer gate made conduc- 
tive by the word line (WW). The gate charges or 
discharges the storage capacitor. 


In a read cycle, the transistor with the gate connected 
to one end of the storage capacitor is turned on or off 
depending on whether or not the capacitor is charged. 
Data is transferred to the bit line (RD) through the 
transfer gate, made conductive by the word line (RW), 
and then read externally. Word and bit lines for each 
operation are independent of each other so that read 
and write cycles can be executed asynchronously. 
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Data Transfer 


The wPD41101 and wPD41102 are configured so that the 
internal address is incremented one bit at a time and 
data is accessed serially. After a reset signal initializes 
the device, a static cell that can operate at higher speed 
is accessed. Simultaneously or later, a dynamic cell is 
used as a pipeline, allowing access to both types of 
cells at high speed. 


Stored information is defined by the state of the 
storage capacitor. When the word line for the write 
cycle goes to a selected level, the write transfer gate of 
each storage cell connected to the word line becomes 
conductive, and the data (electrical level) given to the 
bit line is rewritten to the capacitor connected to the 
end of the transfer gate. The precharge level of the 
write bit line (typically a high level) is rewritten to the 
storage cells on the selected word line, other than the 
one to which the column signal applies data, thereby 
destroying data stored there. 


4 The #PD42101 and u¢PD42102 exactly replace the 4PD41101 and wPD41102. 
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The wPD41101 and wPD41102 prevent this destruction 
of data by using a main word line and a subword line. 
The subword line is driven by the ANDed signals of the 
main word line and the write column. The transfer gate 
of each cell corresponding to each address is con- 
nected to a subword line. Therefore, the write word line 
of the storage cells at the selected row and column 
address is the only one which goes to a high level, 
preventing the destruction of data in other cells on the 
same write line. 


Address Selection 


A dynamic storage array consists of subarrays 1 and 2, 
each of which is 568 (71 x 8) bytes. A column selector 
anda row selector circuit are provided for independent 
read and write operation for each subarray. 


The first step of address selection involves the access- 
ing of an 8-byte static cell immediately after a reset 
cycle. The address selector moves to the first row of the 
subarray, and subarray 1 is accessed from left to right, 
one byte at a time. When 8 bytes of subarray 1 have 
been accessed, the address selector moves to the first 
row of subarray 2, also accessed from left to right, one 
byte at a time. When 8 bytes of subarray 2 have been 
accessed, the address selector alternately selects 
8 bytes from addresses in both subarrays, so that rows 
are selected from the higher row to the lower row. 


When the number of access cycles to the static cell 
array (8 addresses) and the dynamic cell array reaches 
910 (for the wPD41101) or 1135 (for the wPD41102), the 
pointer moves to address 0 of the static array. 


This method of sequential address selection increases 
the access speed of the dynamic cell by selecting row 
addresses in the pipeline method. Pipeline operation 
occurs when the word line (row) to be selected next is 
set to the selected level in advance so that it can be 
written or read at high speed, i.e., in the time required 
to select one column in static-column mode. 


After a reset cycle, when 8 bytes of the static cell are 
being accessed, the first row of subarray 1, which is 
accessed next, is set to the selected level in advance. 
When the selected address moves to the first row of 
subarray 1 (after 8 bytes of static storage are accessed), 
a read or write cycle can be executed at high speed for 
that row. The first row of subarray 1 can be accessed at 
high speed even after the static array is selected. This 
process continues with the first row of subarray 2, the 
second row of subarray 1, and so on. 


While the static cell is being accessed immediately 
after a reset cycle, the address on the dynamic cell is 
held on the first column and row of subarray 1. The 
dynamic array is not accessed at this time. Pipeline 


The wPD42101 and 4PD42102 exactly replace the #PD41101 and wPD41102. 
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operation is performed independently for write and 
read cycles by the row and column selectors for each 
subarray. 


Shift registers are used as read and write column and 
row selectors for the sequential selection of write or 
read addresses and pipeline processing. Shift registers 
are provided for each column and row, and each node 
level is set in advance so that when reset, each shift 
register outputs a high signal for the first column or 
row and a low signal for other columns or rows. 


The column selector (shift register) is driven by WCK 
or RCK and the address is incremented by 1 for each 
clock cycle, i.e., the node that outputs a high signal 
changes in synchronization with the clock, and the 
column selector changes with it. 


The row selector (shift register) is related to pipeline 
control and is driven by the pulse generated when the 
column address selector moves from subarray 1 to 
subarray 2 or vice versa. The row selector is incre- 
mented by one row address after the change from one 
subarray to another. 


Each shift register used as a column or row selector is 
configured as a ring counter so that when the last 
column or row is reached, it automatically returns to 
the first column or row. 


Applications 


For the most part, the applications described below 
pertain to noninterlaced digital TV. The descriptions 
apply to NTSC systems, unless otherwise specified. 


Comb Filter 


Acomposite TV signal (output ofa TV tuner) is the sum 
of the luminance (Y) and chrominance (R-Y, B-Y) color 
signals. The Y, R-Y, and B-Y signals must be separated, 
and the R, G, and B signals input to the picture tube 
generated from them. 


A comb filter with line buffers derives the color or 
luminance signal by cancelling it from the composite 
signal, using the correlation between neighboring 
lines. This filtering fully separates the color and 
luminance signals, especially when there is a strong 
correlation between lines, to produce a clear picture. 


If the signals are not well separated, the color signal 
may interfere with the luminance signal and cause dot 
crawl. The luminance signal may also interfere with the 
color signal and cause cross-color. This interference 
degrades the picture quality, especially where color or 
luminance changes sharply. Figure 6 shows a typical 
comb filter using line correlation. 
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This example compares target line B with neighboring 
lines A and C. Two yPD41101s are used as 910-bit delay 
lines. The color signal (C = R-Y, B-Y) is separated by 
subtracting the data of the upper and lower lines (A+C) 
from the target line data (B) and filtering the separated 
signal through the 3.58-MHz bandpass filter. The 
luminance signal is the result of subtracting the 
separate color signal from the original data (B). See the 
description of the “Variable-Length Delay Line” appli- 
cation for information on controlling a delay line of 
910 bits or less. 


Double-Speed Scan Conversion 


The current NTSC and PAL TV systems use interlaced 
scanning to eliminate the flickering caused by field 
transition. Scanning is performed every two lines, 


Figure 6. Interline Y/C Separation with a Comb Filter 
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reducing the pixel density and doubling the field 
frequency (number of fields-per-second), as illustrated 
in figure 7. 


In interlaced scanning in the NTSC system, acomplete 
frame consists of two fields of 262.5 scanning lines 
each. The field frequency is 60 Hz, i.e., the sum of 30 
first fields-per-second and 30 second fields-per- 
second. In the PAL system, a complete frame is 
comprised of two fields of 312.5 scanning lines each. 
The field frequency is 50 Hz, the sum of 25 first 
fields-per-second and 25 second fields-per-second. In 
both cases, interlaced scanning reduces the flicker in 
motion scenes caused by field transition. The pixel 
density in the vertical direction is also reduced, 
diminishing the level of detail. 
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Figure 7. Relationship of Field to Frame in NTSC Systems 
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The uPD41101 or wPD41102 can be used to convert 
interlaced scanning to noninterlaced scanning. Doub- 
ling the pixel density (number of scanning lines) in the 
vertical direction without changing the field frequency 
produces clear and precise images (figure 8). In inter- 
laced scanning, the first field of solid lines and the 
second field of broken lines are scanned alternately at 
30 fields-per-second (25 fields-per-second in PAL). In 
noninterlaced scanning, the number of scanning lines 
per field is doubled, and 60 fields-per-second are 
scanned (50 fields-per-second in PAL). 


In noninterlaced scanning, the data of the skipped line 
is created using the buffer. It is read at twice the 
sampling frequency of interlaced scanning (8 fgc if the 
interlaced sampling rate is 4 fgc). Noninterlaced scan- 
ning scans two lines in the time that one line is scanned 
in interlaced scanning. The horizontal frequency of the 
CRT must also be doubled for noninterlaced scanning. 


Interlaced and Noninterlaced Scanning 


Figure 8. 


Interlaced Scanning 





Figure9. Using the Previous Line as Interpolated Data 
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The data of the skipped line can be created 


e Using the data of the previous line (reading out the 
same data twice) , 

e Using the average value of the lines before and after 
the skipped line 

e Using data that is one-field-old (the data for 262 lines 
before for NTSC, or 312 lines before for PAL) 


In the first option, one wPD41101 (or one wPD41102 
for PAL) is used for one input signal. The data is written 
at 4 fsc and read out at 8 fgc. Reading starts when data 
is written to half of the line (455 bytes). The same data 
is read twice (910 bytes x 2) at 8 fgc. Data read in the 
latter half is used as interpolated data (figure 9). 


In the second method, one uPD41101 delays the data of 


one line, and two wPD41101s convert the current data 
and the interpolated data for double-speed scanning. 


Noninterlaced Scanning 
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The two wPD41101s used for scan conversion are 
written at 4 fgc and read at 8 fgc. The RE signal is con- 
trolled to first read the ~PD41101 to which the current 
line data is written, and then read the wPD41101 to 
which the interpolated data is written (figure 10). 


NEC 


In the last option, as in the previous one, one buffer 
delays the data for one field and two other uPD41101s 
perform scan conversion. The control sequence is the 
same as described in the second method. Using data 
from a line of the previous field produces a clear image, 
especially in a still scene (figure 11). 


Figure 10. Using the Average of the Previous and Following Lines 
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Figure 11. Using a Line from the Previous Field 
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Dropout Compensation 


Dropout compensation cancels the noise in a VTR 
picture reproduction. If a line contains noise, the por- 
tion of the previous line in the same position as the 
noise is reproduced instead, eliminating the noise 
from the reproduced image (figure 12). 


Figure 12. Example of Dropout Compensation 
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Video data from a tape normally is written to the 
uPD41101, delayed for one scanning line (910 bits), and 
then used as image data to a TV system. The noise- 
detection circuit senses noise in the video signal. 
When data containing noise is input to the wPD41101, 
the input is switched to the data already in the buffer so 
that the previous data line is written again. Data 
containing the noise is not output to the TV system 
(figure 13). 
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Figure 13. Dropout Compensation Circuit 
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The wPD41101 can also be used as a 910-bit (one 
scanning line) delay. If the write data fed back by 
switching is delayed, the delay length must be reduced 
to compensate for it. For example, if switching causes 
two bits of delay, the delay length must be adjusted to 
908 bits. 


Jitter Compensation [Time Base Correction] 


InaVTR, variation in head drum rotation speed or tape 
contraction or expansion can cause jitter in the repro- 
duced image. The image can be reproduced clearly 
when jitter is adjusted and the image is reproduced 
with accurate clocks (figure 14). 
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Figure 14. Basic Jitter Compensation Circuit 
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The video signal input from the tape is written to the 
HPD41101 with a clock that can be accurately slaved to 
the time axis variation of the input video signal. Video 
data with the same time axis is reproduced by reading 
data using the synchronized read clock as a reference. 
If a jitter compensation circuit is configured so that the 
device to which the data is written, or from which it is 
read, is selected from among two or more devices by 
the RE or WE signal, the circuit can have a delay length 
of two or more lines. 


Variable-Length Delay Line 


The wPD41101, driven at 8 fsc, can be used as a 
variable-length delay line with a delay length of 10 to 
910 bits (12 to 1135 bits for the wPD41102). Driven at 
4 fsc, it can produce a delay of 5 to 910 bits (6 to 1135 
bits for the 4PD41102). If an analog-to-digital (A/D) 
and a digital-to-analog (D/A) converter are connected 
to the input and output sides, respectively, it can also 
be used as an analog signal delay line (figure 15). 


Figure 15. Analog Signal Delay Line 
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When reading data at a certain address, the wPD41101 
requires 300 ns + 0.5 write cycles (maximum) to read 
data once the write cycle is complete. For example, 
when the wPD41101 operates on a 34-ns clock, the 
minimum delay length is (300 + 34/2)/34 = 9.3, or 10 
cycles. When the uPD41102 operates on a 28-ns clock, 
the minimum delay length is (300 + 28/2)/28 = 11.2, or 
12 cycles. The maximum delay length of the wPD41101 
is 910 cycles and 1135 cycles for the 4PD41102. 


Delay length can be controlled by 


e Controlling the reset input interval 
@ inputting the write and read reset signals at different 


times (the. delay length is determined by the offset 


between the inputs) 
© Controlling the WE and RE signals 


NEC 


In the first method, the same signal is used for WCK 
and RCK. RSTW and RSTR are controlled together. 
Data written after a reset signal is read after the next 
reset interval. If the reset signal is input every 900 
cycles, the delay length is 900 bits. This option pro- 
duces a delay length determined by the reset interval 
to control the delay length (figure 16). 








In the second method, using the write and read reset 
signals, data written from address 0 by the RSTW 
signal is read out from address 0 when the next RSTR 
signal is input. The delay length is determined by the 
offset between the write reset signal and the next read 
reset signal input (figure 17). 








Figure 16. Controlling Delay Length with the Reset Interval 





Notes: — 

[1} V = valid data. 

[2] 1H = the first group of “n” bits. 

[3] 2H = the second group of “n” bits. 


<= 4 H Data 
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Figure 17, Controlling Delay Length with RSTW and RSTR 
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In the third method, using the WE and RE signals, write 
or read operation is disabled when WE or RE is high; 
the interval pointer remains at the address where 
operation is disabled, regardless of the status of WCK 
or RCK. The delay length_can be controlled in one- 
cycle units by controlling WE and RE. After the reset 
interval, read data is delayed by 910 cycles (1135 cycles 
for the 4PD41102) from the write data (figure 18). 


NEC 


Time Axis Conversion 


You can use the wPD41101 for time axis conversion by 
changing the write clock frequency (WCK) and the 
read clock frequency (RCK). One application for time 
axis conversion involves image contraction or expan- 
sion in the horizontal direction. The image contracts if 
the read clock frequency is higher than the write clock 
frequency, and it expands if WCK is higher than RCK 
(figure 19). 


Figure 18. Controlling Delay Length with WE and RE in the yPD41101 
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Figure 19. Time Access Conversion Application 
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Digital Signal Input Synchronization The solution requires controlling write operation for 
each stream. When a frame head is detected, the write 
address is reset to 0. Aclock extracted from each input 
can be used as the clock for that write cycle. When data 
is written to all wPD41101s, the read address is reset to 0 
by inputting RSTR with appropriate timing. All data 
streams then can be read out in the same phase by 
reading all uwPD41101s simultaneously, even if the input 
streams are not synchronized. 


When performing timeshared data processing in an 
electronic telephone exchanger or in a star-configured 
local area network, the phase between input streams 
may be offset because of differences between the 
terminal and the central line exchange module. The 
uPD41101 can be used to correct the phase offset 
(figure 20). 


Inputs 1 ton are serial datainput streams. However,the |The serial-to-parallel and parallel-to-serial conversion 
frame heads (flags indicating the beginning of the circuits shown in figure 20 may be used only when 
data) of each input stream are not synchronized. serial data is handled at each input and output. 


Figure 20. Digital Signal Input Synchronization 
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General Application 


The wPD41101 and wPD41102 are suitable for use as 
buffer storage in data transfer operations between 
devices of different speeds. Because they use dynamic 
circuits, the maximum hold time for storage cell data is 
1 ms. To hold data longer than 1 ms, you must rewrite it 
to the same address within 1 ms (figure 21). 


The read and write addresses must coincide when 
rewriting data. If the feedback data is not delayed bya 
multiplexer, input the RSTW and RSTR signals simul- 
taneously so that the output data of address n is fed 


Figure 21. Static Hold Circuit for Storage Cell Data 
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back to the input as it is; and then written again to 
address n. . 


If the feedback data is delayed, adjust the input timing 
of RSTW and RSTR, depending on the delay (number 
of cycles) of the feedback data. RSTR must be 
advanced according to the feedback data delay. 








In either case, WCK and RCK must be the same. To read 
the data written to an address after the write cycle for 
that address is competes: 300 ns + one-half write cycle 
is required. 


Data Hold 


isl or uPD41101 . Dout bs 


[1] A D-type flip-flop must be provided when the data is 
delayed. 
[2] RSTW must be input at least once whiille Data Hold Is at 
a true (high) logic level. 


Notes: 
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Figure 22. yPD41101/uPD41102 High-Speed Line Buffer 
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Application Note 57 
MPD42101/42102/42505 
High-Speed Line Buffers 


NEC 


NEC Electronics Inc. 





Introduction 


The need for storage devices to provide delay and 
speed conversion in a variety of computer, telecom- 
munication, and consumer applications has led to 
NEC’s development of several new high-speed line 
buffers. The synchronous or asynchronous operation 
of these devices allows them to be used as elastic 
storage to synchronize data flow between two asyn- 
chronous parts of asystem, e.g., between communica- 
tion and microcomputer chips. 


In graphics systems, line storage devices can act as 
high-speed source and destination registers during 
raster operations. In television and VCR products, the 
1K x 8 buffers provide the raster line storage required 


for luminance and chrominance separation and non- 
interlaced scan conversion. The larger 5K x 8 devices 
are perfectly suited for facsimile and printer applica- 
tions because they can store a line of information ora 
page of text at high speed. 


This application note describes NEC’s uwPD41101, 
uPD41102 and uwPD42505, three functionally equivalent 
buffers with different capacities and speeds. Each 
device has independent, 1-byte write and read ports 
with separate write and read clocks. High-speed per- 
formance is achieved by means of unique circuitry 
rather than a submicron process. Fast access times 


Figure 1. Die Photograph of the uPD41101 and uPD41102 
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and low cost are possible because of specialized 
dynamic circuit designs using the best of MOS tech- 
nology (figures 1 and 2). 


Features 


The yPD41101, uPD41102, and wPD42505 are identical 
except in organization and cycle times (table 1). The 
following discussion applies to the three devices 
collectively, unless noted otherwise. 


Serial Addressing. Addresses are generated automat- 
ically by an internal address counter and need not be 
supplied externally. The clocks provided by the WCK 
and RCK signals increment the respective write and 
read address counters, enabling data to be read out in 
the order in which it was input. 


Wraparound Addresses. The internal address pointers 
are implemented as ring counters; they return to 
address 0 after the last byte in a line has been accessed. 


Asynchronous Operation. Separate write and read 
clocks, coupled with their respective enable inputs, 
allow for independent write and read operation. 


Reset Function. The RSTW and RSTR pins reset the 
internal pointers to address 0. Resetting of the read 
pointer can be initiated after “n” write cycles to provide 
an adjustable delay line of “n” cycles. 


High-Speed Address Selection. By interleaving the 
internal storage arrays and using a novel pipelining 
technique for high-speed address selection, the devices 
achieve very fast access times. The uPD41102-3, for 
example, has a specified minimum cycle time of 28 ns. 


Large Capacity. All devices are 1-byte wide. Their line 
lengths vary as shown in table 1. The 4PD42505 is con- 
figured as 5048 by 8 bits to store a page of information. 


Figure 2, Die Photograph of the uPD42505 
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Table 1. Configurations and Cycle Times 

Part Number Organization Cycle Times 
pPD41101 910 x 8 bits 34 or 69 ns 
wPD41102 1135 x 8 bits 28, 34, or 56 ns 
vPD42505 5048 x 8 bits 50 or 75 ns 


Functional Description 


Historically, line buffers were designed with shift 
registers that suffered from fall-through delay as data 
tumbled down the stack. With NEC’s new generation of 
buffers, which provide independent write and read 
clocks for asynchronous writing and reading, the write 
data requires a delay of at least 10 or 11 cycles before 
appearing at the output. The minimum line delay 
(specified in the individual data sheets for each device) 
is not a problem in most applications because the 
required delay is usually longer than the specified 
minimum delay. . 


In synchronous operation, where write and read cycles 
are controlled together (and write and read addresses 
coincide), the internal logic causes a write cycle to be 
delayed by one-half cycle from the read cycle. Read 
data is output from the previous line, while new input 
data is written just one-half cycle later. 


Storage Arrays 


Unlike other devices based solely on static cells, NEC’s 
line buffers have two types of storage elements: a static 
cell for high-speed operation and a dynamic cell for 
achieving large capacity in a small die area. To operate 
at high speed, the fast static cell is used as a prefetch 
buffer. While the first 8 bytes of data are being accessed 
from the static cell, the first row of the dynamic cell is 
preselected for subsequent access (see Addressing). 
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Figure 3. Dual-Port Static Storage Cell Array 
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Figure 4. Dual-Port Dynamic Storage Cell Array 
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The static storage cell has separate word lines for 
write and read cycles (RW and WW), as well as differen- 
tial data inputs (RD/RD and WD/WD) for high-speed 
operation (figure 3). The three-transistor, one-capacitor 
dynamic storage cell contains separate write and read 
data and word lines, two access transistors, and a third 
transistor for cell signal pre-amplification (figure 4). 
Pre-amplification is required since there are only eight 
data amplifiers, one each for the eight input/output 
ports. 
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Unlike the static cell, the dynamic cell uses only one 
write and read data line and cannot take advantage of 
differential sensing. Although the speed is slower, its 
fewer components make this cell more suitable for 
compact layout and high device integration. The suc- 
cess of these high-speed buffers lies in the matching of 
the static and dynamic cells to achieve high perfor- 
mance at a low cost (figure 5). 


Addressing 


Onacold start, initial writing and reading to the device 
requires fast access times from the six-transistor static 
cell. While the first eight bytes are being accessed from 
the static cell, the first row of the dynamic cell is 
preselected. To achieve relatively fast dynamic access, 
the dynamic array is split into two segments and 
storage interleaving is employed. 


From a functional point of view, the line buffer is along, 
eight-bit-wide shift register. Its layout is compacted to 
produce a small die size. The chip has two arrays, each 
representing one-half of the line length. For the 1135 x8 
device, each subarray is organized as 568 bytes 
(71 x 8 bytes). 


The serial addresses are generated automatically using 
column and row selectors for both write and read 
operation. The following steps summarize the inter- 
leaving sequence. 


e Ina reset cycle, data is read from the 8-byte static 
cell, and the first row of subarray 2 is preselected. 


e Row 1 of dynamic subarray 2 is accessed, and the 
address pointer moves to subarray 1 for preselection. 


e Row 1ofsubarray 1 is read, and row 2 of subarray 2 is 
preselected. 


e Interleaving continues between the subarrays until 
the last address is accessed, at which time the 
internal pointer automatically resets to address 0. 


The address pointers are shift registers wired as ring 
counters and clocked in a wraparound fashion to 
control writing and reading of data at specific locations. 
The shift registers are incremented by one address for 
each WCK or RCK clock. Separate write and read 
address pointers are required to execute write and read 
cycles independently and at different speeds. 
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Figure 5. Block Diagram 
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Write and Read Timing 


The wPD41101, uPD41102, and uPD42505 are equipped 
with the following pins: Ding through Din7, RSTW, WE, 
and WCK for write operation and Doyto through 








Dout7, RSTR, RE, and RCK for read operation (figures ° 


6 and 7). Serial addresses are automatically generated 
by an internal address counter. When WE is low, one 
byte is written to each address in synchronization with 
the WCK write clock (refer to the individual data sheets 
for timing diagrams); the internal write address pointer 
increments by 1 with each falling edge of WCK. Write 
data must meet the specified setup and hold times as 
measured from the rising edge of WCK. 


Configuration of 24-Pin Plastic DIP (and 
Miniflat for .PD41101, uPD41102 only) 


Figure 6. 











Figure 7. Configuration of 28-Pin Plastic ZIP 


(uPD42505 only) 
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The signal on RSTW, which is used to reset the write 
address pointer to 0, also has setup and hold require- 
ments with respect to the write clock. 


When the signal on the read enable (RE) pin is low, one 
byte of data is read out of the device for each RCK clock 
cycle, and the read address pointer increments by 1. 
The read address pointer is totally independent of the 
write address pointer. 


The control functions of WE and RE are shown in 
figure 8. Bringing these two signals high (inactive) 
stops the internal address pointers; activating them 
again causes the internal pointers to increment to the 
next sequential address. 


Synchronous Operation 


Figure 8 shows the internal timing sequences, including 
those for address transitions and write cycles, during 
synchronous operation of these devices. With a com- 
mon write and read clock, the internal write period is 
delayed from the write address. This delay, required 
when the write and read addresses are identical, allows 
aread cycle and then a write cycle to be executed to the 
same Cell location. Read data is taken from the pre- 
viously written line. 


Designing with NEC’s Line Buffers 
Initialization 


After power has been applied, the write and read 
address pointers are undefined and therefore need to 
be set to address 0. Proper timing fora RSTR or RSTW 
reset cycle is described in the individual data sheet for 
each device. 





Refreshing 


Refreshing of the dynamic storage cells must be 
performed at regular intervals. Data remains valid for 
1 or 5 ms, depending on the line length of the device 
(1 ms for the 4PD41101 or wPD41102 and 5 ms for the 
UPD42505). Since NEC’s line buffers contain only data 
amplifiers and no sense amplifiers, a standard read 
cycle does not refresh the storage ceil. If longer hold 
times are required, the original data must be rewritten 
to the same address. 
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Figure 8. Internal Timing for Synchronous Operation 
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Minimum Delay Length 


Unlike register-based line buffers, which use a data 
flow-through cycle, NEC’s line storage elements are 
not capable of reading data immediately after it has 
been written. Each device requires a minimum delay, as 
calculated by the equations shown in table 2. 


Table 2. Calculating Minimum Delay 


Part Number Equation 
wPD41101 1/2 write cycle + 300 ns 

(34 ns/2 + 300 ns)/34 = 9.3 or 10 cycles 
puPD41102 1/2 write cycle + 300 ns 

(28 ns/2 + 300 ns)/28 = 11.2 or 12 cycles 
uPD42505 1/2 write cycle + 500 ns 


(50 ns/2 + 500 ns)/50 = 10.5 or 11 cycles 


Delay length, as measured by the number of cycles, is 
dependent on the speed of the clock, i.e., at 14.3 MHz, 
the minimum delay for the 4PD41101 would be 5 cycles. 


Storage Contention 


In asynchronous operation, when write and read cycles 
contend for the same line, the last “‘n” bytes (where “n” 
may be 5-12 bytes) of line output are taken from the 
previous line. This type of contention occurs most fre- 
quently when executing continuous write and read 
cycles at different rates, such as when converting video 
images from interlaced to noninterlaced scanning. In 
this case, the read clock operates at twice the speed of 
the write clock. Near the end of the line, the read cycle 
catches up and contends with the write cycle. 


Setting Delay Length 


Varying the Reset Interval in Synchronous Operation. 
Depending on the application, some schemes for 
implementing delay length suit system timing better 
than others (see individual data sheets for timing). 
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In synchronous operation, the delay is set simply 
by varying the interval between the reset pulses. 
In this case, the reset clocks are tied together. Since 
write and read clocks are common, line delay is deter- 
mined by the offset between resets. 


Varying the Reset Interval in Asynchronous Operation. 
In asynchronous operation, the reset interval can be 
varied using independent clocks and reset signals. 
Delay length is calculated as the timing difference 
between the write and read reset pulses. 


Controlling the RE Pin. In the third option, the read 
enable pin (RE) can be used to control read operation 
and the read address counter. When RE is high 
(disabled), the read address counter does not incre- 
ment and no data is output. After the desired delay, RE 
can be brought low to begin executing read cycles. For 
delays exceeding one line length, care must be taken 
to ensure that new data is not written into an address 
before the old data is read. 


uPD42505 Large-Capacity Line Buffer 


The wPD42505 was designed for applications where a 
large amount of data is handled per line, e.g., in high- 
performance digital copiers and G3 or G4 facsimile 
machines requiring buffer storage for image compres- 
sion, expansion, data transmission, and in some cases, 
image enhancement using filtering techniques for 
digital signal processing. The 5K x 8 line length has 
also been used in some designs to hold the data tokens 
in digital filtering arrays. 


Although line buffering can be achieved using fast 
static RAMs as shown in figure 9, the need for two 
devices and other complicated peripheral circuits 
necessarily increases the cost of asystem and makes it 
more difficult to implement. The wPD42505 eliminates 
the complexity and high cost by providing the same 
functions and more advantages in one package. 
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Figure 9. System Design Using Static RAMs Versus High-Speed Line Buffer 
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Figure 10. Line Buffering in Local Area Networks 
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Figure 11. Elastic Storage for Digital Signal Processing Applications 
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Figure 12. Image Enhancement Techniques in High-Performance Digital Copiers. 
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Figure 13. Doubling the Line Rate in Scan Conversion 
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NEC Electronics Inc. 


Introduction 


Interlaced scanning is used in television, videotape, 
and videocassette recording applications to reduce 
bandwidth and maintain an acceptable amount of 
screen flicker in video signals. The procedure involves 
lowering the vertical resolution and doubling the 
number of fields so that one complete frame is formed 
from the first and second fields. When a video signal 
subsequently is decoded and ready for display on a 
monitor or TV, bandwidth generally is no longer 
a problem and the higher vertical resolution of 
a noninterlaced signal may be used to produce a 
sharper image on the screen. 


In NTSC TV systems, there are 262.5 scan lines per 
field, 2 fields per frame, and 30 frames per second 
(figure 1). With the resolution per field in the vertical 


Figure 1. 


262.5 Scanning Lines 


Field 1 


262.5 Scanning Lines 


Field 2 
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Interlaced To Noninterlaced 

Video Scanning Using The 
uPD42101 High-Speed Line Buffer 


direction lowered by interlaced scanning, the lines 
become rougher and the gap between scanned lines 
more visible. This drawback becomes all the more 
conspicuous in larger-screen TVs. 


Vertical resolution problems caused by interlaced 
scanning can be resolved by first repeating the signal 
of each scan line. The number of scan lines per field 
then can be doubled by doubling the horizontal 
frequency and keeping the vertical frequency intact. 
Subsequently, an interlaced signal can be converted to 
a noninterlaced signal to increase the resolution of the 
picture in the vertical direction (figure 2). 


The conversion from interlaced to noninterlaced scan- 
ning can be achieved by temporarily storing each 
line in a buffer and then displaying it twice to double 
the number of lines per field (figure 3). 


Relationship of Field to Frame in Interlaced Scanning 


525 Scanning Lines 


30 Interlaced 
Frames/Second 


Field 1+ Field 2 = 7 Frame 





Figure 2. Difference Between Interlaced and Noninterlaced Scanning 
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Figure 3. Doubling the Line Rate 
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Figure 4. Block Diagram 
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The vPD41101 High-Speed Line Buffer 


The type of scan conversion described in this applica- 
tion note requires buffer storage for each line. Required 
storage is calculated by dividing the scanning period 
per line by the sampling period to determine the 
number of samples per line. Required storage for 
NTSC systems is computed as shown in the following 
sequence. 


(1) Scanning period per line: 
re eee = 63.5 us 
(525 lines x 30 frames) 
frame second 
(2) Minimum sampling frequency: 
3.58 MHz x 4 = 14.32 MHz = 69.83 ns 
(3) Samples per line: 
63.5 us/69.8 ns = 909.7 samples 


This application requires the storing of 910 words, 
exactly one horizontal scanning line of data. NEC’s 
uPD41101 high-speed line buffer, configured as 910 
words by 8 bits, is ideally suited for the digital process- 
ing of video signals because one-line delays and time 
axis conversions can be executed easily. 


The wPD41101 differs from general-purpose static 
devices in that it doesn’t require a double-buffer 
configuration (figure 4). Writing and reading can be 
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executed independently and asynchronously. Since an 
internal address pointer eliminates the need for exter- 
nal address generation, the only external controls 
required are those for the WCK and RCK write and read 
clocks and the RSTW and RSTR write and read reset 
signals (see figure 5 for pin assignments). As shown in 
table 1, three versions of the 4PD41101 are available. 








Table 1. Access and Cycle Times of the uPD41101 


Access Time Write Cycle Read Cycle 
Part Number (max) Time (min) Time (min) 
uPD41101-3 27 ns 34 ns 34 ns 
uPD41101-2 27 ns 69 ns 34 ns 
uPD41101-1 49 ns 69 ns 69 ns 


Figure 5. sPD41101 Pin Configuration 
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Operation 


Write and Read Reset Cycles. After power is applied to 
the wPD41101, its internal address pointers are unde- 
fined and must be initialized to address 0. As shown in 
figure 6, the inputs on RSTW and RSTR have required 
setup and hold times as measured from the rising 
edges of WCK and RCK, respectively. 








Write Cycles. Write cycles are executed in synchroni- | 


zation with the WCK clock (figure 7). When WE is low, 
8 bits of data are sampled from Djjyo-Dyn7 at the rising 


edge of WCK and the internal write pointer increments. 
to the next sequential address. When the pointer 


reaches the last address, it wraps around to address 0 
again. When high, WE disables write operation and 
inhibits the write address pointer. Write data must 
satisfy required setup and hold times as specified from 
the rising edge of WCK. 


Figure 6. Write or Read Reset Cycle 


Reset Cycles 


Note: 
(1) WE =RE=Vit. 
(2] V = Valid Data. 


NEC 


Read Cycles. When RE is low, read cycles are executed 
in synchronization with the RCK clock (figure 7). Read 
data is output from Doyto-Dourt7 ‘after a specified 
access time as measured from the rising edge of RCK. 
The internal read pointer functions identically to the 
write pointer, except that the read address increments 
sequentially with each RCK clock. : 


Example of System Configuration 


The block diagram in figure 8 shows a hardware 
system designed to convert a standard NTSC inter- 
laced video signal to a noninterlaced signal. In this 
configuration, described on the following pages, the 
input signals derive either from an NTSC composite 
signal (video input), from a TV/VTR/VCR, or from the 
R-G-B signal output of a personal computer. 


{3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle in a group of reset cycles, the read access time is defined as tacr. In all other cycles, 


tac defines the read access time. 
[4] H = 910 cycles. 


{5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 





83-003645B 


4 The uPD42101 exactly replaces the uPD41101. 


NV. E Cc Application Note 58 


Figure 7 Write or Read Cycle 
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Note: 

[1] WE = Vi. 

(2] V = Valid Data. 

[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 
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Figure 8. Scan Converter Block Diagram 
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Video Signal Processor 


The video signal is decoded from the R-G-B inputs by 
NEC’s uPC1401, a device specifically designed to 
process the color, video, and synchronizing signals 


Figure 9. yPD1401 Block Diagram 
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Figure 10. PD1401 Pin Configuration 
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R-G-B Signal Processor Figure 12. PD1387 Pin Configuration 





The level ofthe R-G-B output signals fromthe personal 


computer are adjusted by a wPC1387 (figures 11 and - Output 2 


12). An interface between the digital R-G-B signals and sOulput4 
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high-speed switching by means of a built-in R-G-B Changing 
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synchronizing signals from the personal computer are 
combined into a composite synchronizing signal. 
When theselector switches to the R-G-B input position, 
the composite signal is applied to the 4PC1401 in place 
of a TV signal. . 


Figure 11. PD1387 Block Diagram - 
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Analog-to-Digital Converter Figure 13. uPD6950 Pin Configuration 
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frequency equal to 4fs, (14.3 MHz) and then written to 58 a oes ve 
the uPD41101 line buffer. The CMOS-fabricated phe ia 


UPD6950 is an analog-to-digital (A/D) converter whose D. Vop 
high speed and low power consumption are particularly 
suited to video applications (figures 13 and 14). 
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Figure 14. yuPD6950 Block Diagram 
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Line Buffer 


This configuration uses a total of three 4PD41101 line 
buffers, one each for the R-G-B inputs. Independent 
control of write and read operation by the wPD41101 
allows the inputs to be written at a 4f,, sampling rate 
and subsequently read at twice that frequency (8fsc). 
Reading the scanned image twice doubles the number 
of lines sent to the TV monitor, fills the gaps between 
lines of an interlaced signal, and increases the vertical 
resolution. 


Digital-to-Analog Converter 


After being read at a frequency of 8f,, (28.6 MHz), the 
digital signal from the wPD41101 is converted to an 
analog signal by the wPC6902 (figures 15 and 16). The 
CMOS-fabricated uPC6902 D/A converter is designed 
to handle 50 million samples per second. 


Timing Generator 


The 8fs, and 4fs, clocks and RSTW and RSTR signals 
are output by the timing generator. The horizontal (H) 
signal from the uPC1401 passes to a phase-locked loop 


Figure 16. pPD6902 Block Diagram 
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circuit, where it is compared and locked with a hori- 
zontal signal obtained by dividing the 8f,, clock. After 
the horizontal frequency has been multiplied by 2 (2H), 
this signal is combined with the vertical drive signal (V) 
from the uvPC1401 for use as the composite synchroniz- 
ing signal in noninterlaced scanning. Together with the 
R-G-B output signals, it is then passed to the TV 
monitor. 


Figure 15. ssPD6902 Pin Configuration 
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Operation 


A circuit diagram for the scan converter is shown in 
figure 17. The operation in each block is described 
below. 


Video Signal Input Stage 


Switch SW, selects the NTSC video signal and applies 
it to the wPC1401, which decodes the composite signal 
and outputs R-G-B horizontal and vertical synchroniz- 
ing signals. The 4PC1401 integrated circuit separates 
color types (Y, R-Y, B-Y, G-Y) to form a matrix using 
three external transistors (Tr3-Trs) to produce the 
R-G-B signal. 


A 4528BC one-shot multivibrator sets the horizontal 
synchronizing signal to a suitable pulse width. One of 
the pulse signals is applied to pins 34 and 35 of the 
uPC1401 as the burst gate and blanking pulses; the 
other signal is applied to the MC4044 phase comparator 
for clock generation comparison purposes. 


R-G-B Signal Input Stage 


The R-G-B input signal passes to a 74LS08 two-input 
positive AND gate and then to the wPC1387 which, 
together with Trg and the 74LS08, ensures that no 
signal is applied during the horizontal retracing period. 


The R-G-B signal applied to the uwPC 1387 is adjusted to 
a suitable level prior to being output from that device. 
Conversely, the vertical and horizontal synchronizing 
signals are combined in the 74LS08 to form the com- 
posite synchronizing signal passed to the wPC1401 by 
selection switch SW. 


A/D Conversion Stage 


The R-G-B signal selected by SW; is passed to the 
uPC6950 through a 7-MHz low-pass filter to cut fre- 
quencies in excess of one-half the sampling frequency 
of 14.3 MHz (figure 18). This analog signal is converted 
by the 14.3-MHz clock and then passed to the uwPC1401 
as an 8-bit digital signal. 


Line Buffer Stage 


The 8-bit digital input is written at 14.3 MHz before 
being passed to the wPC6902 for D/A conversion at 
28.6 MHz. The WCK, RCK, RSTW, and RSTR controls 
for the line buffer are supplied from the timing 
generator (figure 19). 
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D/A Conversion Stage 


The digital input from the wPD41101 is converted to an 
analog signal by the 28.6-MHz clock to reproduce an 
R-G-B signal of twice the horizontal line frequency. 


Timing Generation Stage 


An LC oscillator circuit uses a 74F04 inverter to 
generate the 28.6-MHz signals required for driving the 
line buffer and D/A converter clocks, as well as the 
14.3-MHz signals required for driving the line buffer 
and A/D converter clocks. 


The horizontal signal from the uPC1401 is passed to the 
MC4044 phase frequency detector for phase compari- 
son with the horizontal signal obtained by dividing the 
clock from the clock generator. The resultant signal is 
then transferred through a low-pass filter to the 1SV164 
varactor diode of a voltage-controlled oscillator to 
adjust the oscillating frequency (figure 20). 


Three 74LS163 synchronous 4-bit counters divide the 
14.3-MHz clock by a factor of 455. The resultant 
31.5-kKHz clock (2f4) is timed by the 28.6-MHz clock 
and passed to the line buffer as the RSTR signal. 





The vertical synchronizing signal from the 4PC1401 is 
adjusted to a suitable pulse width by a 74LS123 
retriggerable monostable multivibrator. The signal 
timed by this 2f,, clock is then combined with the 2f, 
clock to obtain the composite synchronizing signal for 
noninterlaced scanning purposes. The 2f, clock is 
subsequently divided in half and timed by the 14.3-MHz 
clock to become the RSTW signal passed to the line 
buffer and MC4044 (figures 21 and 22). 





R-G-B Output Stage 


The noninterlaced R-G-B signal and the composite 
synchronizing signal output to the TV monitor are 
adjusted to levels of 0.7 and 0.3 Vpp, respectively, by 
a 75-ohm terminating resistor. Switch SWo is used to 
select external or internal display. When on, the switch 
allows a noninterlaced picture to be displayed exter- 
nally on a TV monitor. 


In this application, the TV monitor must be capable 
of operating at a horizontal scanning frequency of 
31.5 kHz. Suitable monitors include the PC-TV451 and 
PC-TV471 from NEC Home Electronics. 
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Figure 17. .PD41101 Composite Schematic 
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Figure 18. Characteristics of LT15LP7,0M01-32 Low-Pass Filter 
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Figure 20. Characteristic Curve of 1SV164 
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Figure 21. Counter Stage of Timing Generator 


Figure 22. Synchronizing Signal Generator 
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NEC Electronics Inc. pPD42601 Silicon File 





Introduction Figure 1. Pin Configurations 


In the field of computer-aided design and manufactur- 
ing (CAD/CAM), running software with many utility 
programs results in time-consuming disk accesses. 
Workstations operating in a local area network (LAN) 
also are performance-limited by the heavy burden on 
magnetic disks serving multiple users. These systems 
receive a performance boost when the magnetic disk is 
replaced with a solid-state disk. 


NEC developed the “PD42601 silicon file, a 1,048,576 x 
1-bit semiconductor disk, precisely for such applica- 
tions. The CMOS-fabricated 4PD42601 operates much 
faster than hard disks, with simplified circuitry and 
fewer sense amplifiers than standard DRAMs. Although 
access times from RAS (trac) and CAS (tcac) of 600 ns 
and 100 ns, respectively, make this device slower than 
standard DRAMs such as NEC’s wPD421000, the use of 
word-width system architecture and page-cycle 
accesses achieves very high data transfer rates and 
can therefore improve system efficiency. 


18-Pin Plastic DIP 


uPD42601 


Applications 


Because the device’s high capacity, battery-support- 
able nonvoiatility, and environmental hazard resistance 
are expected to challenge the niche previously defined 
by bubble devices, the yPD42601 should find its major 
market in large solid-state disk applications. However, 
as shown in table 1, other potential markets exist. For 
example, the uPD42601’s very low data retention cur- 
rent, which reduces heat buildup and simplifies 
thermal design, means that a cool die operating in a 
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: pps toa ae ; A 
300-mil SOJ offers greater flexibility in packaging and Se : 
stimulates new ideas for other product applications DIN 5 
(see figure 1 for packaging options and pin assign- AAS 7 
ments of the wPD42601). RESH 9 

Ao 11 

Table 1. Potential Markets for uPD42601 Silicon File A2 13 
Market Requirements Applications ae 
re 5 
Solid-state disks High capacity High-end engineering Az 19 text 

Reliability workstation (100 

Battery backup Mbytes to 1 Gbyte) 
Portable handheld —_ Light weight Personal computers 
products Low power Retail point-of-sale 

Small size terminals 
Industrial immunity to a Process control 

hazardous environ- Robotics 


ment: vapors, dust, 
vibration 
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Power and Speed Enhancements 


All access cycles and timing specifications for the 
uPD42601 are similar to those of generic DRAMs. 
However, the wPD42601 requires only 25% of the 
operating power and 5% of the standby power of a 
standard DRAM, and therefore provides a better silicon 
solution for the aforementioned applications. The 
silicon file has a specified access time from RAS (trac) 
of 600 ns. A quick page access time from CAS (tcac) of 
100 ns is also available. Heavy system use of page 
cycles makes the best choice for two reasons: the first 
is speed enhancement over standard RAS/CAS cycles 
and the second is disk sector size, which closely 
matches the number of bits accessible in page cycles. 


In target applications for the wPD42601, low power is 
required. Both operating and standby power are impor- 
tant: low operating power results in cooler device 
temperatures and higher reliability, while standby 
currents in the microampere range allow for battery 
backup and smail packaging options. 


Self-Refreshing 


The uPD42601 has a self-refresh feature similar to the 
one found in pseudostatic DRAMs. Bringing the RFSH 
pin low and clocking RAS permits the silicon file to 
retain data while using only 30 wA of power. In large 
solid-state systems, the solid-state disk would use 
byte-wide or word-wide banks of silicon file storage, 
with only one bank of devices active at a time, and all 
others in a state of self-refreshing. In this low-power 
operation, total power consumption of the system 
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would be very low, making battery backup possible 
with compact batteries. 


During self-refresh cycles, a relatively slow RAS clock 
can be applied and data integrity still be maintained. To 
enter this power-down quiescent state, the user can 
pull RFSH low and start the RAS clock at a slow cycle 
time (tac). Since data loss is caused by leakage, and 
leakage current increases with temperature, NEC has 
specified the tacr rating at 50°C, 60°C and 70°C. Each 
temperature rating has acorresponding refresh current 
(directly proportional to the refresh rate) which is 
required to maintain data, with faster rates required for 
higher temperatures (table 2). 





Table 2. Self-Refresh Conditions _ 
~ Self-Refresh Current (max} 


Ta ther {max] 
50°C 20 ps 30 uA 
60°C 10 ys 60 uA 
70°C - 5 us 120 vA 


It is important to make a distinction between self- 
refresh cycles and the more familiar CAS before RAS 
refresh cycles. When low, the RFSH pin enables self- 
refreshing and disables most of the internal circuits. 
Only those circuits required for self-refresh operation 
are active. Because of the rate of tacr required for 
substrate bias generation, nineteen RAS clocks are 
used in the wPD42601 to refresh one row (figure 2). 


Internal Address Generation in Self-Refresh Operation 


Self-Refresh Operation 


19 RAS Clocks 
(Note 1) 


Address 
Counter 


Address (n—1) Refresh 


Notes: 
(1) One internal address is refreshed every 19 RAS pulses. 


(2) The self-refresh mode is intended primarily for long 
periods of refresh-only operation. 
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Figure 3 shows a simplified block diagram of the Figure 4. Transition and Delay Timing 
uPD42601 during self-refresh operation. The low level in Self-Refresh Operation 

of RFSH disables the ring oscillator and initializes the 
RAS buffer and 19-bit counter. The external RAS clock 


is reduced in frequency by the 19-bit counter. The ic ia Sete eee eee es 


outputs of the counter and the timing generator are RAS III @ LL © 
then used to generate the slow-speed timing, decod- ian [Note 4] 
ing, and sensing operations, while the substrate bias ih 22 ee 
generator functions at a reduced frequency to keep the Sr loos 
substrate stabilized but minimize power consumption. aus peers [Note 3] 

ie ers, ee | 


Figure 4 shows the transition and delay times for Ipp1, [Note 2] 
Ipp2, lpp3, and Ipps. When RFSH goes low, a 2.5-ms 
delay occurs before the device enters true seif-refresh- 








ing. The timing shown in figure 4 depends on internal [1] Power foguced to standby after the 
temperature-compensated delay circuits and is [2] After FSH gove low, the internal delay 
; : A circuit determines the length of T. 
required to allow the die to stabilize at a lower [3]: The substrate bias: generator operates “at 
temperature. During this 2.5-ms period, the standby a lower frequency to reduce the current. 
current is specified as Ipp3, or 500 wA. After the die Sorte 


cools, the substrate bias generator operates at a lower 
frequency and power consumption is composed of five 
components: the RAS buffer, the 19-bit counter, the 
decoder, the substrate bias generator, and the sense 
amplifiers. All other peripheral circuits are disabled. 


Figure 3. Circuit Operation in Self-Refresh Operation 
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CAS Before RAS Refreshing 


The uPD42601 does not incorporate its own automatic 
refresh circuits on-chip, but requires pulsing RAS in 
the self-refresh state to hold data. Another more 
descriptive term for this function is “pulse refreshing.” 
In most pulse-refreshed devices, the method of enter- 
ing and exiting self-refresh operation is crucial; 
however, the 1M x 1 silicon file makes transitioning 
between operating and self-refresh modes simpler 
than previous-generation pseudostatic devices. 


In the case shown in figure 5, no CAS before RAS 
cycles are executed during a period of normal write 
and read cycles. Re-entering self-refresh operation 
after short write/read bursts limits the number of bits 
that could have been accessed in the relatively short 
time specified for tacr (i.e., the maximum cycle time 
for RAS in self-refresh operation). 


If system timing remains in normal write or read 
operation longer than tac (max), then refresh logic is 
needed to control CAS before RAS refreshing. Every 
32 ms, 512 refresh cycles are needed to refresh the 512 
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row addresses, an average rate of one every 62 us. 
Because of the reduced operating current and the 
resultant lower die temperature, the refresh period can 
be extended to four times the 8-ms value specified for 
most 1M x 1 DRAMs. 


In CAS before RAS cycles, addresses need not be 
supplied because an internal counter supplies them to 
the decoders. Since the clocks for both CAS before 
RAS refresh cycles and self-refresh cycles increment 
the same internal address counter, there are orderly 
and sequential transitions from self-refreshing to CAS 
before RAS refreshing and back to self-refreshing. 
Ensuring that the row addresses are refreshed in a 
timely fashion is the function of the refresh counter, 
which is clocked by CAS before RAS during normal 
cycles and at the rate of 1/(19 x tac) during self-refresh 
cycles. The wPD42601 runs cooler than other self- 
refreshing devices and does not require a burst of 
extra CAS before RAS cycles before self-refreshing to 
ensure data integrity. 


Figure 5. Special Requirements for tacr Near Periods of Limited Standard Refresh Cycles 


Self-Refresh Operation 


ll} = 


tRCF 


Notes: 


{1] The value for tacF [min] is specified in AC Characteristics. The 
value for tacF [max] is dependent upon temperature and shown 
in the table below. 


trcr [max] 
TA uPD42601-L 


50°C 20 us 5 us 
60°C 10 ys 5 us 
70°C 5 us 5 us 


[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tac is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRcF is the delay between the 
last CBR cycle and the first self-refresh pulse. 


[3] In this period of normal read/write operation, there areno CBR 
refresh cycles or less than 512 RAS-only refresh cycles. 





uPD42601 


Self-Refresh Operation 


Normal Read and Write Operation 


(Note 3) 


tRFD 
tRCF 


tRFS 


(4] The time delay between the last self-refresh pulse in one self- 
refresh cycle, and the first self-refresh pulse in the next cycle, is 
defined by tacr [max] when the intervening period of read and 
write operation meets the conditions in Note 3. 


[5] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 ys or less. If 
some other means of refreshing is used, it is necessary todo a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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As discussed earlier, a lower die temperature permits 
both a relaxed refresh rate and simplified transition 
timing between self-refresh and normal write and read 
cycles. The die temperature is a function of the ambient 
temperature, operating power, and the junction-to- 
ambient thermal resistance (@ja). The calculations 
showing the increase of junction temperature (Tj) over 
ambient temperature (Ta) at maximum power con- 
sumption (Pp max) are shown in the sequence below. 


(1) Ty = (83a X Pp) + Ta 
(2) Ty =[95°C/W x (5.5 V x 12 mA)] + 55°C 
(3) Ty =61.27°C 


In a solid-state disk system where the air temperature 
stabilizes at 55°C, the silicon file chip temperature 
would not exceed 61.27°C, comparing favorably with 
the die temperature of 81°C or more for a standard 
DRAM encapsulated in a plastic SOJ and operating in 
similar conditions. 


Figure 6 shows the maximum specification for tacor, the 
critical parameter when transitioning between CAS 
before RAS and self-refresh cycles. When exiting self- 
refresh operation, tacr (max) is measured between the 
falling edges of RAS, from the last self-refresh cycle to 
the first CAS before RAS refresh cycle. After transition- 
ing from self-refresh operation to a period of normal 
write or read cycles, writing and reading can proceed 
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for only 5yus (at 70°C) before aCAS before RAS refresh 
cycle is required. When transitioning from write and 
read operation to self-refresh operation, the process is 
simply reversed, with tacr (max) referenced between 
the last CAS before RAS refresh cycle and the first 
self-refresh cycle. 


RAS-only refreshing does not increment the refresh 
counter, complicating the procedure for moving be- 
tween refresh modes. In refresh methods other than 
CAS before RAS, a burst of 512 refresh cycles is 
required before entering and also after exiting self- 
refresh operation. Complete refreshing of all rows is 
needed since, in refresh modes other than CAS before 
RAS, the status of the refresh counter is unknown and 
the maximum specification for tacr may be exceeded. 
When the self-refresh capability is used, then CAS 
before RAS refreshing is recommended. 


Soft Error Performance 


Like the 1M x 1 DRAM, the wPD42601 uses the trench 
cell fora small die size and excellent immunity to alpha 
particles. Accelerated soft error results are less than 
1000 FITs (Failures In Time, or errors in 109 device- 
hours) . With low manufacturing cost as an objective, 
the device includes no error correction circuit (ECC), 
parity, or data checking functions on-chip. Most 
customers prefer to implement these functions off-chip. 


Figure 6. Timing Restrictions Entering and Exiting Self-Refresh Operation 


Seif-Refresh 
Operation 


Last 
Self-Refresh 
Pulse 
tRCF 


First CBR 
Cycle 


Notes: 


[1] The value for tacF [min] is specified in AC Characteristics. The 
value for tacF [max] is dependent upon temperature and shown 
in the table below. 


trcF [max] 

Ta uPD42601-L uPD42601 
50°C 20 us 5 us 
60°C 10 us 5 us 
70°C 5 us 5 us 





[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tacF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tncF is the delay between the 
last CBR cycle and the first self-refresh puise. 


Normal Read/Write Operation 


Self-Refresh 
Operation 


First 
Seif-Refresh 
Pulse 


Last CBR 
Cycle 
tRCF 


{3] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-retresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 ys or tess. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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Silicon File-Based Solid-State Disk System 


To assist our customers in the design-in of the 
uPD42601, NEC undertook a 20-Mbyte solid-state disk 
hardware project, a block diagram of which appears in 
figure 7 and a photograph in figure 8 (the hardware 
enclosure was designed for expansion to 40 Mbytes). 
Contained within the same package form factor as a 
5.25-inch Winchester, the solid-state disk system 
includes batteries, a power supply, and the necessary 
power fail logic to provide complete nonvolatility for up 
to one month. The error correction device is a gate 
array developed at NEC and is not commercially 
available. A specification summary of this application 
project.is shown in table 3. 


Table 3. Specification Summary 


Parameter Specification 
Capacity 20 Mbytes 
Interface SCSI (host) 


Data transfer rate 1.5 Mbytes/sec (max) 


Access time 0.1 ms (max) 

Error correction 1-bit correction and 2-bit detection 
Sector size 256 or 512 bytes 

Power supply 5 volts, 2 amps 

Package size 5.25-inch disk 

Battery voltage 4.8 volts 

Battery backup One month 

Operating temperature 5 to 50°C 


Description of the Block Diagram 


For the purpose of explanation, the block diagram in 
figure 7 and the following system description are 
detailed according to the format shown in table 4. 


Table 4. 

Major Functional Blocks Major Components 
Power source/switch 
Silicon file and ECC 


Timing generator circuits 


Battery, power control circuits 
uPD42601LA, ECC gate array 
RAS, CAS, WE logic 
Data/address control v40™, WD33C93™, RAM, ROM 


Power Supply and Power Fail Circuits 


The upper left corner of the block diagram consists of 
the battery, power switch, voltage detector, and power 
fail circuits. Included in the power switch is a 5-volt 


V40 is a trademark of NEC Corporation. 
WD33C93 is a trademark of Western Digital. 
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switching regulator and the power conversion circuits. 
When the detector senses the falling power supply 
voltage, the power switch supplies the battery voltage 
to the components shown within the shaded block 
(battery backup). At the same time, the power fail logic 
sends a nonmaskable interrupt (NMI) to the V40, which 
initiates an internal subroutine and places the micro- 
processor in the low-current HALT mode. 


When system power is restored, the rising voltage is 
detected. After a delay, the power switch disconnects 
the battery source and allows the 5-volt. supply to 
power the system. Once the V40 receives the second 
NMI and resets the processor, RFSH goes inactive and 
normal timing resumes. 


To ensure nonvolatility and reduced battery current 
drain, the silicon file devices must be placed in self- 
refresh operation when system power fails. In figure 7, 
the power fail logic has two outputs: one called self- 
refresh, which pulls RFSH low on all the storage chips, 
and a second output connected to the control pins of 
the V40 and the timing generator block. This output is 
actually two lines: one for the V40 NMI input initializing 
HALT mode and the second for initializing the timing 
generator circuits. When this output signal is active, 
the power fail logic switches the timing for RAS from 
normal read/write/refresh timing to the self-refresh 
oscillator. For this application, the self-refresh fre- 
quency is set at 50 kHz because this system is specified 
to operate at 50°C (maximum). 





Storage Organization with ECC 


The solid-state disk is organized as five banks of 39 
devices, a 32-bit internal data word and an additional! 7 
bits for the ECC check bits. The ECC device is capable: 
of 2-bit detection and 1-bit correction. 


A 32-bit data bus is acceptable for the ECC chip, but 
the V40 and the SCSI interface controller require a 
byte-wide bus. The lower right corner of figure 7 shows 
a four-section register to accomplish this 32- to 8-bit 
conversion. This register is composed of eight octal 
bus transceivers with eight enable lines generated in 
the timing generator block. Four of these transceivers 
are used for the input side and four are used for 
the output side. The four octal bus transceivers 
(4 x 8 bits) comprise the 32-bit-wide data bus. The 
enable signals select one of the four transceivers 
receiving and sending each byte to or from the 8-bit 
data bus. 


NEC 


Figure 7 Block Diagram of Silicon File Disk 
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Figure 8. Photograph of Silicon File Disk 


NE 





Timing Generation and Decoding 


The timing generator block consists of a delay line, 
several PALs®, and glue logic. Its purpose is to control 
write and read operation and CAS before RAS timing. 
One of the PALs is used for decoding the eight enable 
signals used in the 32- to 8-bit multiplexing and 
demultiplexing operation discussed in the preceding 
section. Selecting one of five of the storage banks is 
accomplished by decoding RAS, CAS and WE. This 
function, together with the selection of the self-refresh 
oscillator, is contained in the logic blocks shown to the 
left of the storage array. The self-refresh oscillator is 
contained in the power fail logic block. 


Data Transfer Control [V40 and SCSI Controller] 


in this system, the SCS! controller is the target and the 
host computer connected to the SCSI controller is the 
initiator. Although a solid-state device is not a disk in 
that it has no cylinders, heads, or sectors, the V40 has 
been designed to handle all the control, data transfer, 
and address translation functions. Used as a micro- 
controller, the V40 makes the silicon disk look like 
a magnetic disk to the WD33C93. 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
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Read Operation 


Upon receiving the input/output command from the 
host system, the host adapter arbitrates and wins bus 
control. The target, the SCSI controller in this case, is 
selected and receives the read instruction and starting 
address from the host adapter. This information is 
stored as part of the command data block in the SCSI 
controller’s internal register. At this point, the host 
disconnects. The V40 first recognizes the read com- 
mand and the address and then sets the proper bits in 
the WD33C93 address register. Under V40 control, data 
is accessed from the correct logical address in the 
silicon file and moved to the wPD43256A buffer RAM. 


Once the silicon file has started filling the RAM, the 
SCSI adapter can reconnect to the host. During this 
phase, the target arbitrates for the bus and wins control 
of it. The host is selected and the target sends the 
message that it is reconnecting. Under control of the 
V40, data is moved from the RAM to the SCSI controller 
and is received by the host adapter completing the 
operation. With this fast semiconductor disk, the data 
transfer rate depends more on arbitration time than on 
device access time. 
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Introduction 


The objective in designing a hierarchical memory sys- 
tem is to match the processor's speed either with the 
rate of information transfer or with the bandwidth of the 
memory at the lowest level, at a reasonable cost. No 
one type of device meets all criteria, i.e., inexpensive, 
reliable, fast and nonvolatile. In fact, the hierarchy in 
most computers is often organized so that the highest 
level has the fastest speed and the lowest level has the 
lowest speed, e.g., a cache typically resides in the 
highest level and contains the fastest and most expen- 
sive memory, the next level contains random access 
devices that are 5 to 10 times slower than the cache, 
and the lowest level has the slowest and cheapest 
devices. 


In the past, there has existed a technology gap between 
the faster primary and the slower secondary memories 
(figure 1). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000 to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled devices and magnetic 
bubble memories have not proved cost-effective in 
closing the gap and thus have had little impact on 
system design. 


Figure 1. Memory Hierarchy 
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Silicon File System Architecture 


Standard semiconductor memory in the secondary 
level is able to bridge this gap, and of the various 
alternatives, battery backed-up static RAM and 
EPROM/EEPROM technologies historically have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted to low-capacity applications, 
since the high cost of static RAMs prohibits using them 
in place of magnetic media or in applications where the 
Operating environment makes rotating media unreli- 
able. 


NEC’s pPD42601 silicon file, a device with higher per- 
formance, higher capacity, and lower power require- 
ments is also able to bridge this performance gap. 
Based on DRAM technology, the uPD42601 provides the 
Capacity and reliability of a standard DRAM, but also 
features a way to retain data by means of batteries 
when power is shut off. It also offers the reliability and 
ruggedness of solid-state memories, as well as lighter 
weight, higher I/O bandwidth, and simpler interfacing. 


Functional Overview 


Standard Operation. The silicon file is specifically de- 
signed to replace magnetic media in silicon disk, solid- 
state recording, and system backup applications. It is 
based on the trench cell technology of NEC’s 1M 
DRAMs and implements the same read and write cycles 
(figure 2), but optimizes system bandwidth with a page 
cycle that repeatedly pulses CAS while maintaining 
RAS low (figure 3). The silicon file also periodically 
executes standard RAS-only and CAS before RAS 
refresh cycles to refresh its cells within a specified 
interval of 32 ms, which is four times slower than a 1M 
DRAM. 


Low-Power Operation. An important feature of the sil- 
icon file is its ability to retain data while being powered 
by a backup battery. This is accomplished by means of 
a self-refresh cycle that can be used in applications 
requiring a low data retention or self-refresh current. 
The RFSH control signal goes low while the RAS signal 
is clocked at a relatively slow rate (tacr). Since data 
loss is caused by leakage, and leakage current is a 
function of temperature, tacr is specified at three 
temperature ratings: 50°C, 60°C, and 70°C. Each rating 
has a corresponding refresh current (directly propor- 
tional to the refresh rate) which is required to maintain 
data (table 1). 
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Figure 2. Read Cycle 
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Table 1. Self-Refresh Current Versus Clock 
Frequency and Temperature 
Type Temperature RAS Clock Maximum Current 
UPD42601-60L 0 to 50°C 50 KHz 30 A 
0 to 60°C 100 KHz 60 pA 
0 to 70°C 200 KHz 120 yA . 
UPD42601-60 Oto 70°C 200 KHz 120 pA 


Self-refresh cycles are intended to be used when power 
to the silicon file’s memory array is shut down for an 
extended amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage of between 4.5 and 5.5 
volts while pulsing RAS at the given tacr frequency and 


Valid Data 
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driving RFSH low. As long as the circuit can maintain 
these operating conditions, the silicon file will retain 
data (figure 4). 


Special consideration must be given to the require- 
ments for tacr near periods of limited standard refresh 
cycles, and to the time restriction when entering and 
exiting self-refresh operation (refer to the data sheet for 
the pPD42601 as well as Application Note 56). 


Comparison with 1M DRAMs 


Table 2 compares the functions of the uPD421000 
DRAM with the yPD42601 silicon file. Both have a 
similar 1M x 1 organization and interface circuit, and 
both are available in the same high-density 26/20-pin 
plastic SOJ and 20-pin plastic ZIP packages. 
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Figure 3. Page Read Cycle 
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Table 2. Comparison of Silicon File to Standard DRAM 






Part Number 
pPD421000 
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Figure 4. Block Diagram of Backup Circuit for 
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Access Time and Power Comparison 


The 1M DRAM is designed for high performance at low 
cost. Its optimized technology, also used in the silicon 
file and based on NEC’s CMOS process and trench 
memory cell, is proven to provide high reliability, excel- 
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lent immunity to alpha particles, and accelerated soft 
error rates of less than 1000 FITs (Failures in Time or 
errors in device-hours). 


Figure 5 shows a comparison of the die layouts for the 
silicon file and 1M DRAM. The 1M DRAM is segmented 
into 16 memory cell arrays with appropriate column 
decoders and sense amplifiers separating each pair of 
arrays. This highly segmented approach is used to 
reduce the length of the bit line, which in turn reduces 
bit line capacitance and results in a faster access time. 


Conversely, the eight memory cell segments and eight 
sense amplifiers in the simplified layout of the silicon 
file optimize power consumption rather than access 
time. The silicon file has a slower access time and lower 
active current, and although active current can be 
reduced in any DRAM if cycle time is also reduced, 
active current in the silicon file is still much lower than 
active current ina DRAM when both are operating at a 
1 ys cycle rate. 


When a standard DRAM and the silicon file are not 
being accessed by the system, they operate in standby 
and dissipate a current much lower than their active 
current. Standby is used by both devices to reduce 
system power requirements during normal system op- 
eration. The silicon file also has a unique self-refresh 
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cycle that isn’t implemented on a standard DRAM and 
can operate at very low currents, as low as 30 WA, and 
still retain data via a battery powered backup system. 
Furthermore, the silicon file uses an additional RFSH 
pin (pin 4 on the 20/26-pin SOW and pin 9 on the 20-pin 
plastic ZIP). 





System Design 


When considering a system design using the silicon 
file, the system designer will recognize a number of 
similarities with the 1M DRAM. Both devices use the 


same x1 organization, as well as RAS, CAS, WE and Ao 


through Ag, and both are available in the same SOJ and 
ZIP package types. Typically, a silicon file system 
design will be functionally similar to a standard DRAM 
system, making it very easy for the designer to use 
traditional DRAM system design techniques. 


Figure 6 shows an interface between the silicon file and 
a host interface. It is very similar to a DRAM system, 
except for the power monitor and backup circuit used 
to implement self-refreshing. The interface circuit is 
application-dependent, and can be an interface to a 
variety of standard I/O or memory interfaces. 


Figure 5. Die Comparison of 1M DRAM and Silicon File 
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Figure 6. Block Diagram of 20 Mbyte Solid-State Disk System 
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The control circuit supervises interaction between the 
host interface and the storage array of the silicon file, 
translating signals from the host interface into silicon 
file access cycles and controlling the transfer of data 
on the host interface bus. The power monitor and 
backup circuit track power supply voltage for power 
failures or shutdowns, and maintain memory data by 
generating control signals for self-refresh cycles and 
battery backup voltage. To increase system reliability, 
an error correction and detection circuit, such as a 
parity bit or ERCC, may be implemented. One common 
design characteristic is that the silicon file control and 
memory array circuits will remain application- 
independent, while the system interface circuit will be 
application-dependent. 


Control Circuitry 


This section focuses on the circuitry of a silicon file 
system, and in particular on the application- 
independent control circuits and various system inter- 
faces. 


The similarity between the silicon file and a 1M DRAM 
extends to the organization of their memory cells in a 
matrix of rows and columns, with each individual cell 
accessed by first addressing a row and then a column 
(figure 7). The external address is presented to the 
silicon file in two parts, as shown in the waveform in 
figure 2. The row address first is driven on the address 
input pins and RAS goes low to clock the row address 
into an internal row address latch. The row address 
must be stable for the specified setup time of tasr 
before RAS is asserted, and also for the specified hold 
time Of tray after RAS is asserted. 


The address inputs are then changed to column ad- 
dresses and CAS is asserted. CAS also serves as the 
output enable signal, in that the three-state driver is 


enabled whenever CAS is asserted. The time when CAS 
can be asserted is determined by the minimum require- 
ments for a RAS to CAS delay, as specified by tacp. 
Additionally, setup and hold times for CAS must be 
met. Presenting the address in two parts has the advan- 
tage of reducing by 50% the number of address pins 
andthe package size. The silicon file is typically used in 
large memory systems where chip size is an important 
consideration. 


Data is available after the access times from both RAS 
(trac) and CAS (tcac) have been satisfied. The limit of 
performance is determined by the access time from 
RAS. If the assertion of CAS is delayed longer than 
required, then maximum performance will not be ob- 
tained and access time from CAS will determine the 
overall access time. 


Another specification of importance is the trp pre- 
charge time for RAS, which is required for the memory 
circuit to recover from the previous access. Because a 
read cycle destroys the data in an addressed memory 
cell, aprecharge cycle must be executed to restore the 
data and equalize signal levels on the bit lines. Thus, 
the cycle time for a silicon file is greater than the access 
time. The difference between access time and cycle 
time is equal to the precharge time, e.g., a silicon file 
with an access time of 600 ns will have a cycle time of 
1 pus. 


Figure 8 shows the timing for an early write cycle. The 
addressing sequence is the same; the only difference is 
that WE is asserted, and data is supplied by the CPU on 
the Dn pin. There are two types of write cycles, depend- 
ing upon the timing relationship between WE and CAS. 
Figure 8 shows the WE signal being asserted before 
CAS. In this case, setup and hold times are referenced 
to the falling edge of CAS. In a late write cycle, WE is 
asserted after CAS. 
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Figure 7. Silicon File Block Diagram 
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Figure 8. 
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Refreshing of Dynamic Cells 


The silicon file, as well as all DRAMs, uses a.memory 
cell structure that stores a dynamic charge on a capac- 
itor, which means that the charge can decrease in time 
because of leakage. As a result, all devices using DRAM 
cell technology must be periodically restored or re- 
freshed. Whenever a row is selected in a silicon file, all 
the cells in that row are accessed and the charge in that 
cell refreshed. The maximum interval in which a row 
address must be refreshed is called the refresh period 
(trer) and is specified as 32 ms for the silicon file. If 
each row address is not accessed every 32 ms, data in 
_that row cannot be guaranteed. 


tRAH tasc tCAH 


High Impedance 


\\ 


tCPN 








83YL-7081B 





Two refresh cycles can be used to refresh a silicon file. 
RAS-only refresh cycles are executed when the refresh 
address is driven onto the address pins by an external 
circuit when RAS is low. CAS is left inactive during this 
cycle since no data is being read or written. 


To simplify the circuitry needed to initiate refresh cy- 
cles, the silicon file has an on-chip counter that gener- 
ates every refresh address and is activated by assert- 
ing CAS before the RAS signal. Internal control logic 
detects this state and uses the address generated by 
the internal refresh address counter to execute a CAS 
before RAS refresh cycle, which is standard in most 
DRAMSs. Its advantage is that no. external counter is 
required and the refresh address sequence is main- 
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tained when switching between CAS before RAS and 
self-refresh operation during operation of the silicon 
file. In fact, the use of RAS-only refresh cycles with the 
silicon file is discouraged because of the difficulty in 
synchronizing RAS-only operation (external refresh 
counter) with self-refresh operation (internal refresh 
counter). 


Page Mode 


The silicon file provides a page mode to increase 
effective bandwidth of the memory hierarchy. Page 
mode takes advantage of the matrix organization of the 
silicon file by continuously accessing data in a single 
row in the memory array. The silicon file is organized 
with 512 columns per each of the 512 rows, allowing a 
page cycle to access a maximum of 512 bits of informa- 
tion. The first word is accessed in the same manner as 
in a standard read and write operation, with row ad- 
dresses latched onto the chip by RAS and column 
addresses latched by CAS. Subsequent column ad- 
dresses are accessed for each CAS cycle, repeated for 
a period equal to the maximum specification for the 
RAS pulse width. System performance is enhanced 
because the 100ns page cycle access time (tpc) is 
much faster than the 600 ns standard access time from 
RAS. In solid-state disk applications, a 512-byte sector 
can use a page cycle to reduce read or write access 
times for the sector. However, the logic required to 
implement a page cycle is more complex than for 
conventional read or write operation, requiring extra 
system control logic or a controller chip that supports 
page mode. 


Control and Interface Circuit Design 


A silicon file requires a number of functions to be 
performed to execute a read or write operation. A 
control circuit must determine that a valid silicon file 
cycle is being executed and translate the read and 
write control signals from the host CPU into RAS, CAS 
and WE signals compatible with silicon file timing. The 
address must be latched and multiplexed into the row 
and column address, conforming to the timing specifi- 
cations. Finally, the silicon file must be refreshed peri- 
odically to guarantee data retention. 


The first task requires the control circuit to monitor the 
system interface and determine if a valid silicon file 
cycle is being executed by the host. When a valid 
access cycle is active, the control circuit must interface 
with the host through asynchronous or asynchronous 
acknowledgement signals that determine when silicon 
file data will be valid on the system bus. The control 
circuit must also generate control and timing signals to 
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the silicon file memory array that executes a read or 
write cycle. Once the cycle is complete, the control 
circuit releases the system interface for the next oper- 
ation. 


A control circuit can be implemented with discrete 
logic or integrated controller circuits that include a 
number of on-chip interface functions. The discrete 
design requires a PAL-based, status machine control 
circuit to perform the following functions: 


Q Determine valid silicon file access cycles 


Q Input and translate the system interface contro! 
signals into silicon file control signals, i.e., RAS, 
CAS, WE 


QO Acknowledge to the host when valid data is 
available 


0 Execute refresh cycles 


The controller must also determine when a refresh 
cycle is required and provide the circuitry for control- 
ling the silicon file data and address path control and 
timing circuits. 


The PAL-based controller must provide internal syn- 
chronous feedback of system access information and 
synchronize timing of the silicon file access cycle with 
timing of the host’s access cycle. The valid signal 
indicates to the control circuit that an‘access to the 
silicon file is being requested by the host. The control 
circuit must determine if the system access is a read or 
write cycle, determine whether a refresh cycle is also 
being requested at the same time, signal the host to 
wait for valid data, generate the RAS enable signal to 
initiate the control and addressing timing circuits of the 
silicon file. 


Once the control circuit has determined that a valid 
access cycle is being executed and arbitrated any 
refresh and access cycle conflicts, it must generate the 
RAS enable signal to initiate the control and address 
timing circuit. This circuit generates the RAS and CAS 
signals and controls the address multiplexer that mul- 
tiplexes the row and column addresses, Since most 
silicon file devices are organized into banks of data, the 
control circuit must also determine what bank is being 
accessed. The bank decoder circuit decodes the ap- 
propriate address bits and selects the RAS signal for 
the selected bank allowing the read or write cycle t 

Start. 


The address multiplexer, a two-input device controlled 
by the select signal (mux_select) generated by the 
control circuit, selects either the lower or upper ad- 
dress bits to generate the row and column address 
(figure 9). In applications using RAS-only refresh cy- 
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cles, the refresh address must also be multiplexed onto 
the address lines during a refresh cycle. This can be 
done with an additional multiplexer or by using three- 
state drivers to drive the address onto one of the 
multiplexer inputs. Since the silicon file uses the inter- 
nal CAS before RAS address counter for self-refresh 
operation, it is recommended that the CAS before RAS 
refresh method be used to eliminate the need for 
synchronization of the external RAS-only refresh with 
the internal self-refresh address. An additional signal 
from the PAL-based control circuit is required to enable 
the CAS signal before the RAS signal. 


Figure 9. Address Multiplexer and Driver Circuits 
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HPD42601 read or write cycles follow this sequence: 


Q The address multiplexer is selected for the row 
address bits and the row address is driven onto the 
address pins for a specified setup time. 
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The control circuit generates RAS, and the bank 
select decoder selects the RAS signal 
corresponding to the selected bank. 


The row address is maintained for a specified hold 
time. 


The multiplexer is switched to select a column 
address. 


The column address is maintained for a specified 
setup time and for the minimum specification for a 
RAS to CAS delay. 


Q The CAS signal is asserted. 


The timing for this cycle must be precise to be able to 
maintain the address setup and hold times and RAS to 
CAS delay specifications. This timing is usually imple- 
mented in DRAM applications with a delay line of +1 or 
2. ns (figure 10), but since the silicon file’s specification 
are not as critical as a DRAN’s, the timing can be 
derived from a high-speed clock using synchronous 
flip-flop circuits (although consideration for timing 
skews between different devices should be considered 
and minimized by using flip-flops circuits from the 
same package). A gate array controller could also 
easily generate the address timing signals for a silicon 
file application. 
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Figure 10. Memory Control Circuit and RAS/CAS Timing Circuit 
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Since the silicon file cannot be read or written while a 
refresh cycle is executing, the host cannot always have 
access to memory. The simplest way to override this is 
to halt the host every 32 ms and execute a burst of 512 
refresh cycles, also known as burst refreshing. \t must 
be pointed out that burst refresh cycles can degrade 
the performance of the system. The percentage of time 
that the microprocessor is halted for refreshing isn’t 
large, but the length of the burst refresh period in- 
creases the system’s latency time in responding to an 
asynchronous event. 


Another approach is called distributed refreshing, in 
which a single refresh cycle is executed every 62.5 us. 
In this method, if a refresh cycle and an access cycle are 
active at the same time, the silicon file control! circuit 
must arbitrate control between the two cycles, i.e., the 
control circuit must delay the host until the refresh 
cycle is completed by causing the host to execute a 
wait state. The refresh cycle must take precedent over 
the active access cycle to ensure that the maximum 
refresh period is not exceeded. Both refresh methods 
require a refresh interval counter to signal the contro! 
circuit when a refresh cycle is to be executed. This 
circuit Consists of synchronous counters, clocked by 
the system clock and reset after each refresh cycle. 


Data Input 


Data to be written into a selected cell is latched by an 
on-chip register with the combination of the WE and 


CAS signals while RAS is active. There are two types of _ 


write cycles, both of which depend on when the write 
data is available. If write data is valid before CAS goes 
low, an early write cycle can be executed. In an early 
write cycle, WE signal is asserted before CAS, and 
setup and hold times for the write pulse and the data 
are referenced to the falling edge of CAS. The other 
type is called a late write, and is executed when WE 
and CAS are both low. Since CAS controls the output 
drivers, the output buffer is briefly enabled from the 
time CAS is active until the assertion of the WE signal. 
In a late write cycle, setup and hold times are refer- 
enced from the falling edge of WE. 


The timing specification for the host’s write data will 
determine which write cycle is to be implemented in 
each design. If data is valid before the assertion of CAS, 
the control circuit must assert awrite pulse before CAS 
while maintaining the specified twos write command 
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setup, twcu hold, and twp pulse width times. Since the 
WE signalis connected in parallel to all of the silicon file 
chips, propagation delays caused by capacitive load- 
ing should also be taken into account. 


The circuit may also require write data to be latched in 
a transparent latch if the host isn’t capable of maintain- 
ing write data long enough to meet the setup and hold 
times, or if a refresh arbitration cycle has to remain 
active during anumber of wait cycles. A write datalatch 
is controlled by a data strobe from the host that is 
connected to the latch enable input of the latch. The 
strobe should be high while write data is valid. The host 
system bus and the falling edge of the data strobe latch 
the write data at the end of the host’s data cycle. The 
need for a write data latch is dependent upon the host’s 
requirement for write data timing and should be con- 
sidered when designing a silicon file circuit. 


Memory Design Considerations 


The silicon file memory array is organized into banks of 
chips, and the size of each bank is determined by the 
size of the system bus, as well as by the additional 
chips required for parity or error detection and correc- 
tion (ERCC). For example, a 20 MByte solid-state disk 
with ERCC will have 5 banks of silicon file chips, each 
bank consisting of 32 devices to store the memory 
word and 7 devices to store the ERCC syndrome bits. 
The bank organization allows active system power to 
be minimized because only a part of the total array is 
accessed during each cycle. 


The bank organization requires that the address and 
control lines be wired in parallel, which presents a large 
capacitive load to the driver circuits. The compact 
design presents inductive and capacitive loads to the 
address and contro! line drivers, which can cause 
ringing and large under- and overshoots during signal 
transitions, subsequent violation of address setup and 
hold times, or glitching on the control lines that will 
result in memory failures. The undershoot and ringing 
can be minimized with proper printed circuit board 
design techniques that reduce not only the length of the 
etch run between the driver and input pin but also the 
impedance of the signal etch. This is accomplished by 
means of damping resistors between the address and 
control line drivers and the silicon file inputs (figure 11). 
The value of these damping resistors is typically 15 to 
33 ohms and should be empirically chosen. 
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Figure 11. 
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Because of the large input capacitance of the memory 
array, the transitions of address and control signals are 
slowed by the need to charge and discharge this 
Capacitance. Drivers designed for use with memory 
arrays can drive large capacitive loads, but the de- 
signer must account for the added propagation delay 
due to the loading effects. If driver circuits are required 
to drive the address and control lines of each memory 
bank, the bank must divided into separate groups, and 
the total capacitance load must not exceed the driver’s 
capabilities. For this purpose, some manufacturers pro- 
duce memory drivers, but an integrated memory con- 
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A typical memory driver can drive a 250 pF capacitive 
load with the silicon file address and control line inputs 
specified at 5 pF for address lines and 8 pF for control 
lines. For a bank of 39 chips, one driver is required to 
drive each address line (Ap through Ag) and two drivers 
to drive each control line (RAS, CAS, and WE). This 
requires 16 drivers for all address and control lines. 
Because the driver circuits are quad packages, an 
additional four packages are required to drive each 
bank. 
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Bank Decoding and Memory Driver Circuits 
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Power Distribution and Decoupling 


As in all high-speed memory designs, controlling large 
current transients and protecting high frequency com- 
ponents from fast switching speeds is an important 
consideration. In order to control these current tran- 
sients and prevent them from generating voltage spikes 
that can cause loss of data and soft errors, every effort 
must be made to minimize impedance in the decou- 
pling path of the device. 


The decoupling path is the trace distance from a power 
pin through a decoupling capacitor and to package 
ground. The impedance of this path is determined by 
the line inductance and series impedance of the decou- 
pling capacitor. The line inductance can be minimized 
either by providing a power plane or by girding the 
power. To increase the effectiveness of the girded 
power, decoupling capacitors should be placed be- 
tween the power and ground pins of every chip. The 
decoupling capacitors used for a typical silicon file 
design would be a high frequency (100 MHz) 0.2 uF 
ceramic capacitor Since most memory designs have 
some low frequency DC currents, large bulk electrolyte 
27 uF capacitors should be located judiciously around 
the periphery of the printed circuit board. 
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Introduction 


Today’s RISC microprocessor architectures offer a 
promise of high performance systems able to execute 
an instruction in one system clock cycle, which means 
the challenge for a system designer is to design a 
memory system that can support high CPU throughput 
requirements. Common elements of these VLS! designs 
include on-chip subsystems such as floating point units 
and/or cache memory. 


Although the size of an on-chip cache is typically small 
(4 to 8 Kb) to minimize chip size and optimize cost, the 
system may also require an external, second-level 
cache that is much larger (256 Kb to 1 Mb) and can 
interface to a high performance system bus. If the CPU 
executes an instruction that isn’t stored in the cache, 
the cache must access main memory and fetch an 
instruction for the processor. Even though a cache is 
designed to sustain a high hit rate, a percentage of the 
CPU’s read cycles and all writes cycles must access 
main memory, making it essential that data transfer 
cycles be executed so that latency of the system bus is 
minimized. System bus latency may increase dramati- 
cally in a multiprocessor system and can be the critical 
issue. in determining system performance. 


This application note will discuss quantitative mea- 
sures of memory performance, as well as a number of 
design techniques for optimizing performance in to- 
day’s system environment. 


Hierarchical Systems 


Bottlenecks in most Von Neumann architectures have 
traditionally occurred because a processor could only 
read a single word from memory during each access 
cycle, and to be able to match processor cycle time, a 
system would have to use very high-speed devices that 
in most cases could not be justified in terms of cost. 
The classical solution has been to configure a hierar- 
chical or multilevel structure containing several types 
of memory devices with various cost and performance 
characteristics. 


Performance can be affected by such interrelated fac- 
tors as program behavior with respect to memory 
references, access times and sizes of each level, gran- 
ularity of information transfer, memory management 
policies, and the processor-to-memory interconnec- 
tion network. One measure of performance is called 
effective access time, which is the sum of average 
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access times at each level of the hierarchy. Another 
quantitative measure is bandwidth, which refers to the 
number of bits that can be accessed per second. To 
increase bandwidth, a system designer may choose to 
reduce cycle time, increase word size by accessing 
more bits per cycle, or replicate the memory banks and 
access two or more concurrently. 


Properties of Program Locality 


The majority of computer systems developed today are 
based on properties of program locality that reveal a 
strong tendency for accesses to be clustered in small 
regions of memory during any short period of time. 
Program locality has two aspects, temporal and spa- 
tial. The first, locality of time, means that information 
that will be in use in the near future is likely to be in use 
already. This type of behavior can be expected from 
program loops in which both the data and instructions 
are reused. The second property, locality of space, 
means that portions of the address space which are in 
use generally consist of a fairly small number of indi- 
vidual contiguous segments of that address space. 
Locality of space means that the program’s loci of 
reference in the near future are likely to be near the 
current loci of reference. This theory is based on com- 
mon patterns of behavior: related data items (e.g. 
variable arrays) are usually stored together and in- 
structions are mostly executed sequentially. 


The characteristics of temporal locality have shown a 
strong tendency for program references to be grouped 
in time, and in fact were responsible for the invention of 
virtual memory and the subsequent design of high- 
speed caches, both of which exploit the properties of 
locality by storing a copy of the program in atemporary 
segment of memory. Virtual memory increases the size 
of the system by segmenting the program into pages 
that are individually loaded from magnetic secondary 
memory into main memory. A cache optimizes CPU 
throughput by also storing a segment of the program in 
a buffer that matches the speed of the processor. 


Optimizing the Hierarchy 


Once program behavior is understood, main memory 
can be structured to optimize processor performance. 
As discussed earlier, effective access time is the sum of 
the average access time in each of the levels of the 
hierarchy, defined as 


terre = 2tk 
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where terr is effective access time from the processor 
to the /th level of the hierarchy, and t is the individual 
average access time at each level, where K = 7 toi. 
Generally, tx includes not only the wait time caused by 
memory conflicts at level K, but also the delay in the 
switching network between levels K - 7 and K. The 
degree of conflicts is usually a function of the number 
of processors, the number of memory modules, and the. 
interconnection network between the processors and 
modules. 


In modeling the performance of a hierarchy, it is often 
assumed that the probability of finding requested infor- 
mation in the memory of a given level is characterized 
by a success function or hit ratio 4. In general, A 
depends on the granularity of information transfer, the 
Capacity of memory at that level, the management 
strategy, and other factors. However, for some class of 
management policies, it has been found that His most 
sensitive to memory size. Because copies of informa- 
tion at the highest hierarchical level are assumed to 
exist in levels below that level, the probability of finding 
the data at the higher levels is f = 7 —h, where fis the 
miss ratio. Therefore in a two-level system, effective 
access time would be equal to 


terr = Ntky + (1—h) tke 


where tx; = tacc at level 1 and tno = tacc at level 2. If 
the hierarchy consists of one level of infinite size (an 
expensive option for most applications), the probabil- 
ity of accessing this data at level one is 100% (hit ratio 
== 1). Memory size greatly impacts the probability of 
finding data at a given level, which is why the probabil- 
ities at each level are expressed in terms of hit and miss 
ratios. For example, effective access time for atwo-level 
hierarchy would be expressed as follows: 


terr = Ntky + (1-H) tke 


If the hit ratio at level one is 0.99, then the probability of 
finding the data at level two, or the miss ratio at level 
two, would be 1 — 0.99 = 0.01. Effective access time 
then would be 


terr = (0.99) tky + (0.01) tre 


Hit ratio is crucial to system performance. For example, 
if the memory at level two is ten times slower than the 
memory at level one, the hit ratio decreases from 0.99 
to 0.98 (roughly 1% fewer hits) and results in an increase 
in terr of roughly 10%. Small changes in hit ratio affect 
effective cycle time of the overall system, making terr 
very sensitive to hit ratio. A decrease of 10% in hit ratio 
(from 0.99 to 0.89) almost doubles the effective cycle 
time and divides net performance in half when the cycle 
time ratio is 10. If the cycle time ratio is 20, that same 
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10% decrease increases effective cycle time by almosta 
factor of 4. Hit ratio should be as high as possible; in 
many cases, techniques resulting in marginal 1% to 2% 
improvements may yield substantial performance im- 
provements, 


Avery large structure in only one level is too expensive 
for.most systems, and a multilevel structure is the only 
configuration that makes sense in terms of cost and 
performance objectives. Therefore, the goal is to struc- 
ture the hierarchy so that the highest performance is 
available for the least cost. Because hit ratio is a 
function of the memory size at each level, the implica- 
tion is that the larger the memory at a given level, the 
higher the hit rate at that level. 


Optimizing the Cache 


The other variable in the terr equation is average 
access time (t,) at each level. The hierarchical level 
closest to the processor should have access times 
equal to the processor's cycle time, as well as capacity 
large enough to maintain a high hit rate. The classical 
solution has been to design this level as a cache, which 
is a high-speed buffer typically located between the 
processor and main memory that provides data to the 
processor without any wait intervals. Success of the 
cache is attributed to the properties of program local- 
ity and is measured by cache hit ratio, as well as by 
placement algorithm (degree of associativity), block 
size, ability to perform during a miss, write cycles, and 
data consistency in multiprocessor or multicache sys- 
tems. 


A cache operation starts when the processor executes 
a read cycle and outputs a physical address to the 
memory system. The physical address is separated 
into two fields, the address tag field and the set select 
field. The cache latches the address, and the set field in 
the physical address selects a set in the cache directory 
or address tag memory. The address tag from the cache 
directory is compared to the physical address tag from 
the CPU. If they’re the same, a hit occurs and the datais 
read from the selected block. If the address tags are not 
the same, a miss occurs and the data has to be fetched 
from main memory, which means the CPU must wait 
until the data is read. New data with a new address tag 
is stored in the cache. 


Cache performance is determined by hit ratio, a func- 
tion of the design that includes the size of the cache, the 
degree of associativity used to search the cache direc- 
tory (placement algorithm), the size of its data block, 
and the replacement algorithm used in a miss cycle. 
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Although a larger cache can be effective in sustaining a 
high hit rate, its benefits are diminished by higher 
costs. 


The same relationship regarding effective access for a 
two-level hierarchy is valid for a two-level system witha 
cache in the first level. The cache’s hit rate can be 
optimized not only by increasing the size of the cache, 
but also by optimizing its placement algorithm, block 
size, and replacement algorithm. With an optimized 
architecture, the hit rate should be above 90%. 


Effective access time in a two-level hierarchy, with the 
cache in the first level and main memory in the second 
level, is calculated as the sum of the hit rate and cache 
access time in the first level and the miss rate multiplied 
by the access time of main memory in the second level. 
For acache with aread cycle time of 60 ns and a hit ratio 
of 95%, and a main memory read cycle time of 250 ns 
and a miss rate of 5%, effective access would be 
determined as followed: 


a = (NcacHe) (tcacHe) + (1 — AcacHe) (tMAIN MEM- 
ORY 
ter = (0.95) (60) + (0.05) (250) = 59+ 12.5 = 71.5ns 


Effective access time must also include the effect of a 
write cycle on system performance. To determine this 
effect, the ratio of read and write cycles must be 
determined by analyzing the program address charac- 
teristics. The ratio between read and write cycles is 
typically 85% to 15% in general-purpose computer 
environments, but it may change to 50%-50% in scien- 
tific and other computation-based environments. The 
equation would have to be expanded as follows: 


terr = R [(Ncacue) (tcacHe) + (1 — Acacne) (tmain 
MEMORY)] + W (twcyc) 


Figure 1. 
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where Ris the fraction of cycles that are read cycles, W 
is the fraction of cycles that are write cycles, andtweyc 
equals write cycle time. If R = 0.85, W = 0.15, and 
twceyc = 250 ns, total effective access time would be 
equal to 


ter = 0.85 [(0.95) (60) + (0.05) (250)] + 0.15 (250) = 
96.57 ns 


The span of a write cycle does not reflect hit rate. A 
larger percentage of write cycles will increase ter. For 
example, if Rand Wwere equal at 50%, then terr would 
increase as follows: 


ter = 0.50 [(0.95) (60) + (0.05) (250)] + 0.50 (250) = 
159.75 ns 


Most program workloads generally have a higher ratio 
of read cycles to write cycles, allowing the cache to 
optimize read operation as well as system perfor- | 
mance. The main concern with write cycles is that the 
CPU has to wait for the entire transfer cycle between 
cache and main memory (> 250 ns) before proceeding 
to the next instruction. If the cache were able to buffer 
write data, write cycle time could be reduced to the 


write access time and the processor wouldn't have to 
28h 


wait for access into main memory and could proceed to 
the next instruction. Meanwhile the cache could con- 
currently execute a write cycle into main memory 
(figure 1). In this case, twcyc would equal the 60 ns 
access time of the cache and not the 250 ns access time 
of main memory. The equation for terr in a buffered 
write cycle is calculated as follows: 


terr = 0.85 [(0.95) (60)] + 0.15 (60) = 57.45ns 
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The disadvantage of a buffered write cycle is that the 
circuitry required to control the concurrent CPU and 
main memory write cycles would have to be more 
complex. 


Optimizing the Miss Cycle 


The block size of a cache is the parameter, together 
with the overall size of the cache itself, that most 
strongly affects cache performance and also overall 
system performance. When the data the processor is 
addressing is not in the cache, the cache executes a 
miss cycle to access main memory and fetch the 
missed data to the cache and the CPU. Enlarging block 
size can decrease the miss ratio and thereby increase 
the storage delay component of an average instruc- 
tion, but the longer transfer time required may cause 
problems in multiprocessor systems because of higher 
levels of traffic. 


A number of design tradeoffs influence block size. For 
example, architecture of the bus between a cache and 
main memory plays an important role. A bus protocol 
that requires an address with each data transfer may 
force the block size to be one word, because multiple 
word transfers would be very inefficient. Conversely, if 
_ one address can fetch several words of data, then a 
larger block size would be advantageous. Devices with 
the ability to transfer bursts of data are becoming 
popular in a number of microprocessor systems and, 
together with nibble mode DRAMs, can be imple- 
mented to increase memory bus bandwidth. Increasing 
the width of the bus is another technique that can 
increase system bandwidth. 


In large mainframe systems, block size can reflect the 
wider bus size and also take advantage of the degree of 
memory interleaving. Interleaving increases memory 
bandwidth by enabling data to be accessed from a 
number of memory banks concurrently, eliminating the 
delay required while individual banks are accessed 
separately. In multiprocessor systems, a large block 
size will increase the cache miss data transfer time, 
increasing the system bus |/O latency and decreasing 
the system bus bandwidth. 


A larger block size generally increases cache perfor- 
mance, but doesn’t necessarily improve system perfor- 
mance. Cache features such as burst data transfers, 
prefetching, fetch bypass and wraparound load cycles 
can be added as necessary. 


During a miss cycle, the cache accesses main memory 
and reads the missed block. If the missed word is 
loaded directly into the cache before the CPU can fetch 


V80 is-a trademark of NEC Corporation 
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the data, access time of the miss cycle will equal the 
sum of the access time from main memory and the 
delay required for the missed word to be written and 
read from the cache. The fetch bypass and wraparound 
load functions minimize this time by initially bypassing 
the cache and allowing the CPU to directly fetch the 
missed word from the fetch bypass buffer, which is 
loaded with the missed word as soon as it is fetched 
from main memory (figure 1). The CPU can fetch and 
execute the missed word from the fetch bypass buffer 
andthen proceed to the next address without having to 
wait for the cache to be updated. The missed data 
block is concurrently loaded into the wraparound load 
buffer; after the entire block is fetched from main 
memory, the cache is updated. If the CPU attempts to 
fetch the next word in the block before the block is 
loaded into memory, the CPU may be required to wait 
for the memory to be updated or, if an additional 
function exists in the block load buffer, to directly 
access the next word from the block load buffer. 


The effective access time of the miss cycle can be 
minimized by reducing the amount of data required to 
execute a cache miss cycle. This can be accomplished 
by employing a data transfer mode, called burst data 
transfer, that requires a single address for each 16 
bytes of data rather than separate addresses for each 4 
bytes of data. Burst data transfers are implemented in 
high performance microprocessors such as Intel's 
80486, Motorola’s 68040, and NEC’s V80™. Burst mode 
allows a 16-byte cache block to be transferred during a 
cache miss, minimizing the cache miss data transfer 
time and increasing system bus bandwidth. 


Optimizing the Transfer Cycle 


As discussed above, during a miss cycle, the missed 
data is fetched from main memory. The cache block is 
the data element used to transfer the data between 
main memory and the cache. The size of the cache data 
block can be one word, but typically it is more than one 
word (figure 2). It has been determined that the cache 
hit rate increases as a function of cache block size and 
is generally dependent on the properties of program 
locality, which are enhanced by fetching a large number 
of consecutive instructions. However, a very large 
block size increases the time required to transfer the 
data over the system bus, decreasing the system bus 
bandwidth and increasing bus latency. Therefore, the 
choice of block size is a tradeoff between maintaining 
the cache hit rate and maximizing the system bus 
bandwidth. 
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Figure 2. 
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Burst Mode. A 16-byte block size has been imple- 
mented in a number of RISC/CISC architectures. This 
block size is a good compromise between maintaining 
a high hit rate and minimizing the bus latency during a 
cache miss cycle. This 16-byte block transfer is called 
burst mode data transfer and it requires only one 
address for each 16-byte data transfer. By allowing four 
consecutive words to be accessed with one address, 
this feature decreases data transfer time and maxi- 
mizes system bandwidth. 


Although its primary advantage is being able to mini- 
mize bus latency and sustain a high hit rate, burst 
mode would be useless if it could not easily be sup- 
ported by the interface circuit for main memory. Fortu- 
nately, burst mode is designed to be used with DRAMs 
offering a nibble mode, whereby four consecutive bits 
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can be accessed in a single cycle. In a standard DRAM 
read cycle, each cycle requires a address that must 
satisfy the specifications for RAS access (tras) and 
precharging (tap), calculated as follows: 


TOTAL CYCLE TIME = (trasi + trp1) + (trase + trea) 
+ (tras3 + taps) + (tras4 + trpa) 

The separate address. and precharge time represents a 
significant amount of overhead to complete the mem- 
ory access. 


Nibble mode DRAMs provide additional on-chip cir- 
cuitry that minimizes total cycle time by eliminating the 
requirement for precharge between consecutive mem- 
ory accesses. The nibble mode cycle time is given as 
follows: 


TOTAL NIBBLE MODE CYCLE TIME = tras; + trase + 
trass + trasa + tRPN 
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Four consecutive data bits are accessed by a single 
address and loaded into an on-chip shift register that is 
clocked by CAS. The precharge cycle is delayed until 
after the bits are valid to prevent the timing skew that 
usually occurs between each memory cycle (figure 3). 


Burst mode data transfers are intended to be imple- 
mented with nibble mode DRAMs in main memory. 
Although nibble mode DRAMs provide the simplest 
interface for burst mode data transfers, other DRAM 
operating modes such as fast-page and static-column 
modes can be used. These DRAM operating modes 
also reduce DRAM effective access time and require 
additional external circuitry for implementation. 


Fast-page and static-column DRAMs differ from nibble 
mode DRAMs in that they require anew column address 
and can access a total of 512 data bits in a single cycle. 
Most often they are required in computer graphics 
applications or in direct memory access (DMA) |/O 
cycles. 


Future Enhancements. Among the features proposed 
for future generations of DRAMs is a feature called 
gated RAS precharge, which minimizes DRAM access 
time by eliminating one of the RAS transition times. Ina 
_ Standard DRAM cycle, cycle time is defined as follows: 


tac = tr: + tras + tre + trp 

where ty; and t72 are RAS transition times, tras is RAS 
cycle time, and trp is RAS precharge time. Minimum 
cycle time cannot be achieved in a system because of 
a mininum and maximum skew in the logic generating 
the edges of the RAS signal (figure 4). The gated RAS 
precharge feature removes both tre and the timing 
skew from the minimum cycle time, as follows: 


Figure 3. Types of Data Transfer Cycles 


tac = tt1 + tras + trp 


Unlike a standard DRAM, this feature allows RAS to go 
inactive anytime after CAS is asserted. For a minimum 
cycle, RAS can go inactive prior to the minimum time for 
tras, allowing internal timing to place the device into 
precharge. 


Another proposed DRAM enhancement is extended 
fast-page data output, which would permit system-level 
page cycle times to approach those permitted by the 
specification for memory data. Currently, data output 
is sampled after a specified access time and after an 
additional lapse caused by a skew in the system logic 
has expired. CAS is not permitted to go inactive until 
after the setup and hold times of the devices are 
satisfied. Using an extended data output feature, data 
output would remain valid after CAS goes inactive if 
RAS is also active. Data output can then be sampled by 
the same signal used to turn off CAS. When CAS goes 
inactive again, the data output changes from the previ- 
ous data to that of the currently accessed location. If 
the previous and current data are the same, there will 
be no discharging or precharging of the memory bus. 
The outputs will be three-state when both RAS and CAS 
are inactive (figure 5). The elimination of the additional 
timing skew will improve effective cycle time and sim- 
plify the complexity of the control logic.Both of these 
proposed enhancements offer solutions that minimize 
the effective memory cycle by eliminating timing skews 
inherent to standard DRAM designs. Unfortunately, the 
precharge time remains an inherent disadvantage, be- 
cause consecutive accesses to the memory module 
will always have a timing skew (trp). 


Typical Data Transfer 


Burst Mode Data Transfer 
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Figure 4. Gated Precharge 
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In a two-level hierarchy, memory bandwidth in the first 
level can be optimized by means of a cache that 
matches the CPU’s read cycle time. For cache misses 
and write cycles, the cache-to-main memory band- 
width can be maximized by means of burst mode data 
transfers and standard DRAMs with special operating 
modes. 


Interleaving optimizes effective access when more than 
one row of data needs to be accessed at the same time. 
Fast-page cycles are a means of reducing access time 
for bits located in the same row of the memory array, 
but they are inefficient for handling the consecutive 
access of data residing in different row addresses. To 
fetch diagonal elements in the matrix, the system 
needs to concurrently access row 1 and column 1, row 
2 and column 2, etc. Page cycles can’t be used in this 
scheme because a new row must be accessed for each 
data element. 


A memory system organized to distribute the address 
to several banks simultaneously is said to be inter- 
leaved. The interleaving of addresses among M mod- 
ules is called M-way interleaving and allows consecu- 
tive access to M memory banks. In_ high-order 
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interleaving, the addresses are distributed so that the 
memory modules contain consecutive addresses. 
High-order bits are used to select the module while the 
low-order bits are used to select the address within the 
module. A second method, called low-order interleav- 
ing, distributes the address so that consecutive ad- 
dresses are located within consecutive modules. The 
low-order bits of the address select the module, while 
the remaining bits select the address within the module. 


In a low-order interleaved system, the memory is orga- 
nized into banks with each bank providing data bits 
equal to the width of the CPU memory bus. An address 
is latched by the memory circuit and the low-order bits 
are decoded to determine the number of banks to be 
accessed (figure 6). If four banks are accessed, they are 
said to be four-way interleaved. 


A memory controller circuit initially generates the 
control signals for the accessing of bank 1. The data for 
access 1 will be valid after the specified time for tras 
has elapsed, after which the accessed bank will be 
precharged. Control signals are simultaneously being 
generated for bank 2, and they may be skewed by a 
system clock to accommodate data access for the 
second fetch from the CPU. Data from bank 2 becomes 
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valid immediately after the data from bank 1 becomes 
valid, and no timing skew exists for precharging in the 
data stream. A precharge cycle for bank 2 is executed 
while the access to bank 3 is initiated. Data is read from 
bank 3 immediately after the data from bank 2 is read. 
Bank 3 executes the precharge while bank 4 accesses 
data for the cycle immediately following the bank 3 
access. Finally, bank 4 executes the precharge cycle to 
end the interleaving. This scheme eliminates the pre- 
charge timing skew and maximizes memory bus band- 
width, but at the cost of amore complex control circuit. 


Another scheme uses low-order interleaving and ap- 
plies the high-order bits of the address to all memory 
modules simultaneously in one access (figure 7). The 
single access returns M consecutive words of informa- 
tion from the M memory modules and accesses infor- 
mation from a particular module using the low-order 
bits. A data latch is associated with each module, the 
information from each module is gated into a latch ina 


Figure 5. Extended Data Output 
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fetch cycle, whereupon a multiplexer can be used to 
direct the desired data to the data bus. Figure 7 illus- 
trates timing for a multiword read access using this 
method, which is ideal for accessing a vector of data 
elements or for prefetching sequential instructions ina 
pipeline processor. It can also be used to access a block 
of information for a pipeline processor with a cache. 
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Figure 6. Low-Order Interleaving with Concurrent Access 
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Figure 7. Low-Order Interleaving with Simultaneous Access 
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- Battery Backup 
Circuits For SRAMs 


NEC 


NEC Electronics Inc. 


Introduction 


The evolution of low-power, high-capacity, high-speed 
memory technologies has led the system designer to 
novel and highly portable computer designs. As tech- 
nology has advanced to low-power devices, it has 
become possible to make an entire system nonvolatile 
for the life of the product. 


To provide this nonvolatile function, secondary power 
sources are mounted on a printed circuit board con- 
trolled by a backup circuit that switches from the 
primary power to secondary power during power 
failures. The backup issue is considered as part of the 
overall system design, and the choice of a secondary 
power source and backup circuit are based on the 
unique characteristics of each application. 


This application note deals with the issues of providing 
a nonvolatile memory system. A review of the evolution 
of static RAMs (SRAMs) with regard to state-of-the-art, 
low-power SRAM technology is followed by an example 
of secondary power sources, as well as several sample 
backup circuit designs. 


SRAM Technology 


The SRAM historically has been used by system 
designers to provide a high-speed, low-power data 
storage function for a variety of computer architec- 
tures. The higher cost-per-bit compared to dynamic 


memories is offset by a simpler circuit design that - 


features a nonmultiplexed address structure, simple 
timing signals, and no refresh requirement. 


Six-Transistor Cell 


The development of the SRAM memory cell has 
followed the trail of bipolar, NMOS, and CMOS tech- 
nologies in that large-capacity memory devices require 
minimal cell size, not only to reduce power require- 
ments, but also to be able to fit the die into the package. 





The static memory cell is basically a cross-coupled 
flip-flop circuit requiring no clocks or refreshing. Early 
six-transistor NMOS static memory cell designs 
employed the use of enhancement or depletion mode 
FETs as load devices. Figure 1 shows an example using 
depletion loads. Q3 and Q4 are depletion-type devices 
fabricated such that they are always conductive when 
their respective gate and source nodes are shorted 
together. If the gate of enhancement device Q2 is 
written to a low level using Q5 and the data line, Q2 
turns off. This allows load device Q4 to pull its source 
node high and turn on Q1; the write operation using 
Q6 also helps this action. The cell is designed so that 
Q1 has much lower “on” resistance than its load Q3. 
After the write operation ends, and Q5 and Q6 are off, 
Q1 keeps its drain node at a low level to maintain Q2 in 
the off state, while the drain node of Q2 is maintained 
high by Q4. The stored voltages are stable. 


Figure 1. 
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Four-Transistor Cell 


As NMOS technology evolved, the active device for 
the load was replaced with polysilicon resistors (see 
figure 2). With the polysilicon load resistor, current 
levels of less than 1 nA are achievable. Because of 
these low-current levels, the cell can be used in 
advanced SRAMs with very high memory density and 
low standby current. NEC uses this technology in its 
low-power family of SRAMs to facilitate their use in 
battery backup applications. This type of core cell is 
used in both NMOS and CMOS SRAMs from NEC. 


CMOS Cell 


CMOS technology, with its high-speed, low-power 
characteristics, makes an attractive choice for memory 
backup systems. 


In figure 3, Q1-Q3 and Q2-Q4 form two CMOS inverters 
that are cross-coupled to form the conventional flip- 
flop of the SRAM cell. Unlike the enhancement or poly- 
silicon resistor cells, the CMOS cell does not have a 
de current path (other than leakage) in either of its 
quiescent logic states. While the potentially lower- 
leakage and wider-voltage operating range makes the 
six-transistor CMOS cell very desirable for battery 
backup operation, the large die area required makes it 
less competitive in cost and memory density. 
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Figure 2. Four-Transistor Cell—Polysilicon Resistor 
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Figure 3. CMOS Cell 
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Battery Backup Concept 


The goal of a memory backup system design is to 
guarantee memory data retention for days, months, or 
years. in the past, these memory backup circuits were 
implemented as part of the computer’s power supply 
circuit. Today, the memory backup function is designed 
as part of the individual memory circuit, where each 
provides a constant secondary (backup) power source 
and the necessary circuitry to detect power failures 
and isolate the main power supply from the backup 
power source (battery). The battery backup circuit 
must be an integral part of printed circuit board layout. 
Furthermore, SRAM technology must be able to guar- 
antee the requirements of the memory battery backup 
function. The following sections discuss in detail the 
aspects of memory battery backup circuit design using 
NEC’s low-power SRAM technology. 


Figure 4. Battery Backup System Block Diagram 
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Atypical functional block diagram fora memory battery 
backup system is illustrated in figure 4. The power 
supply converts ac voltage into a regulated dc voltage, 
which powers all of the system components (Vcc). The 
power supply monitor circuit detects a power failure 
and generates an interrupt to the CPU. This circuit also 
signals the memory circuit to deselect the memory 
array, thus protecting the memory from false CPU 
commands. The power supply monitor circuit may be 
centralized to the power supply or decentralized to 
each memory circuit. 


On the memory circuit, power failure is sensed by a 
voltage-detector circuit, which isolates the system 
power from the memory power, allowing the backup 
battery to become active. 
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Backup Battery Selection 


Battery Type 


Nickel-cadmium batteries and lithium batteries were 
compared for use in a memory battery backup appli- 
cation. Although nickel-cadmium batteries have been a 
popular choice for this application, recent years have 
seen the development of lithium batteries. Some 
characteristics of these two types of batteries are 
contrasted in table 1. For additional comparison, the 
characteristics of current drain versus operating time 
for nickel-cadmium and lithium batteries are shown in 
figures 5 and 6, respectively. 


Since lithium batteries provide a constant current for 
up to 10 years in this type of low-power application, 
they were chosen over nickel-cadmium for this design 
example. A single 3-voit lithium battery is adequate for 
most CMOS SRAM applications. If higher voltage is 
required, batteries may be connected in series. 


Physical characteristics of a battery are determined 
by the manufacturer according to common system 
requirements. The designer must select a battery of the 
proper size and shape to meet the requirements of 
printed circuit board technology. Such requirements 
may include terminal connections and solderability. 


Table 1. Lithium Versus Nickel-Cadmium Battery 


Characteristics 
Characteristic Lithium Nickel-Cadmium 
Shelf life 10 years 6 months 
Rechargeable no yes 
Energy density 5000 mAh* 4000 mAh* 
Cost moderate moderate 
PCB-compatible yes yes 


*milliampere hours 
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Figure 5. Current Drain Versus Operating Time— 
Nickel Cadmium Battery 
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Figure 6. Current Drain Versus Operating Time— 


Lithium Battery 
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Battery Capacity 


Battery capacity defines the current drive of the battery 
over a period of time, measured in milliampere hours 
(mAh). Required capacity of the battery selected for 
the memory backup circuit can be determined from the 
following formula: 


Current required (mA) x time in backup mode (hours/day) x 365 
days/year x number of years 


Figure 7. Lithium Discharge Characteristics— 
= 20 uA Load 
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Battery capacity is affected by temperature, humidity, 
and load conditions. The designer must ensure that 
these conditions do not degrade the operating life 
(discharge characteristics) of the battery. Figures 7 
and 8 show the effects of temperature and load current 
variations on lithium battery discharge characteristics. 


Figure 8. Lithium Discharge Characteristics— 
= 8.5 mA Load 
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Design Example 


This: section presents and documents a detailed battery 
backup.designexample.’The discussion encompasses 
SRAM memory array’ .design, current and. voltage 
requirements, voltage-detector and:isolation circuitry, 
and memory protection design considerations: — 


SRAM Memory Array 


For the battery backup design example, NEC's 
uPD43256A-15LL (a CMOS-fabricated, 150-ns SRAM 
memory device) is used to implement the memory 
array, configured as 32K by 32 bits using four 
32K x 8-bit memory. devices (figure 9). The memory 
array’s interface of common address lines, common 
1/O lines, and control signals are asserted by control 
logic common to all devices. However, the power 
supply connection. to the. memory. array requires 
‘special consideration. The power plane of the memory 
array must be isolated from the system. power supply 
to ensure that the backup battery drives only the 
_ memory array (see “Voltage-Level Detector and 


'.< Isolation Circuit Design”). 


Current and Voltage Requirements 


The first task for the designer is to.define the required 
battery capacity. Table 2 shows data retention charac- 
teristics for the u~PD43256A SRAM. The maximum data 
retention current for this device is 20 wA at 0 to 70°C. 
For a circuit with four memory devices, total memory 
array current is 4 x 20 wA = 80 WA. 


Figure 9. SRAM Memory Array 
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WE 
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The battery’s operating period is assumed to be 10 
years at 12 hours-per-day. Using the formula shown 
under “Battery Capacity,” the required capacity of the 
battery can be derived from‘this calculation. - 


80 wA x 12 hours/day x 365 days/year x 10 years = 3504 mAh | 


Requirements for the data retention voltage of the 
“UPD43256A SRAM are defined in table 2, while figure 
10 shows timing requirements:for data retention with 
respect to the CS chip select signal. 


Table 2. pPD43256A SRAM Data Retention 





Characteristics 
Limits: - 

Parameter Symbol Min Typ Max Unit Test Conditions 

Data retention © Vocpr 2.0 55 V CS2=Vec-0.2V 

supply voltage 

Data retention — Iccpr 1 50 pA Voc=3.0V; 

supply current ow 2Vecr—0.2V 
(Notes 1, 2) 

Chip deselection tcpr 0 ns 

to data retention 

Operation tr tac ns 


recovery time 


Notes: 

(1) uPD43256A-LL: IccpR = 20 vA (max) for Ta = 0 to 70°C and 
3 uA (max) for Ta = 0 to 40°C. 

(2) uPD43256A-L: Iocpr = 15 vA (max) for Ta = 0 to 40°C. 


uUPD43256A-15LL uPD43256A-15LL 
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Figure 10. Data Retention Timing Waveforms 


[1] The other inputs [Addresses, OE, WE, I/Os] can be ina 
high-impedance state. 
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Battery Protection. Figure 11 shows the battery por- 
tion of the memory battery backup circuit. This portion 
of the circuit must be designed to provide the required 
data retention voltage and energy capacity for the 
memory backup function, yet protect the battery from 
reverse (charging) current. The diode and resistor 
shown in figure 11 were selected to protect the battery 
according to UL standards. 


Since lithium batteries are not rechargeable, current- 
limiting protection must be provided to control the 
amount of current from the main power supply. For this 
purpose, the designer must select a diode that protects 
against charging current, yet provides sufficient volt- 
age for memory battery backup. 


The UL-allowable charging current for a lithium battery 
is specified as 1% of the battery capacity, calculated 
as follows: 


1% x capacity of battery (mAh) + (amount of time charging may 
occur (hours/day) x 365 days/year x number of years) 


in this design example, a minimum capacity of 
3504 mAh is required. The closest standard-size lithium 
battery has a capacity of 5000 mAh. The allowed 
charging current of this battery for a 10-year period is 
calculated in this way: 


1% x 5000 mAh + (12 hours/day x 365 days/year x 10 years) = 1.1 uA 
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Therefore, the diode selected to protect the battery 
must have a maximum reverse leakage current rating 
of 1.1 wA. To maintain the required data retention 
voltage at the memory device, a diode with a small 
forward-voltage drop must be selected. A Schottky 
diode, with a forward-voltage drop of 0.2 volt, provides 
a 2.7-volt battery backup voltage and also meets the 
reverse leakage current specification for this circuit. 


According to UL standards, the battery must also be 
protected against charging current in case the protec- 
tion diode is damaged. The designer must select a 
current-limiting resistor for this purpose. Resistor value 
is determined according to this formula: 


(Voc — VBattery) + maximum charging current 


UL standards specify a maximum charging current of 
5 mA. Therefore, for the circuit in this design example, 
the minimum resistor value is specified as follows: 


(5.5—-3V)+5mA=500Q 


Selecting the aforementioned Schottky diode and a 
standard 10% resistor value of 560 would guarantee 
minimum data retention voltage for the battery backup 
circuit. Total voltage drop across the protection diode 
and current-limiting resistor is equal to 0.245 volt, 
which provides a memory backup voltage of 2.755 
volts—well above the minimum data retention voltage 
of 2volts. 


Figure 11. Backup Energy Source Circuit 
VpR = 2.755 V 
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Voltage-Level Detector and Isolation 
Circuit Design 


The designer must also determine the best method 
for detecting power failures and isolating the main 
power supply from the backup battery. The circuit 
designed for these functions must fulfill two require- 
ments: 1) sustain maximum operating current for the 
memory array, and 2) provide isolation protection 
during battery backup operation. Several design alter- 
natives for voltage-level detector and isolation circuits 
are discussed in this section. The standards of com- 
parison between these circuits are relative simplicity of 
design and voltage drop of the isolation element. 


Note: In applications that are subjected to brownouts or 


extreme temperatures, these voltage-level detector 
and isolation circuits will minimize unnecessary 
cycling of the backup battery. However, considera- 
tions must be made to protect the memory devices 
from unstable circuit conditions, especially during 
power failure. For a discussion of memory protection 
under these. circumstances, refer to “System Power 
Failure Design Considerations,” following this section. 


The designer must first determine maximum operating 
current of the memory array. Since maximum operating 
current for the v~PD43256A SRAM is specified as 35 mA, 
total operating current is calculated as 4 x 35 mA = 
140 mA for the memory array in this design example. 


Diode Isolation Circuit. The diode isolation circuit in 
figure 12 provides a simple approach to memory 
battery backup. The isolation diode (D1) must be able 
to sustain the maximum memory operating current, 
yet minimize voltage skew between Vcc and Vocm by 
limiting forward-voltage drop. A large voltage skew 
could cause illegal conditions to occur in normal 
system operations. A typical silicon diode with a 
forward-voltage drop-of 0.7 V at a 140-mA load current 
would provide a large voltage skew between Vcc and 
Voco. Since SRAM Vcc is 0.7 V less than the level of a 
logic signal from a device not in the backup system, 
Voc would have to be adjusted to a nonstandard level 
of 5.7 V to maintain Vcc at 5 V. 


In contrast, a Schottky diode typically provides a 
forward-voltage drop of 0.2 V ata3-A load current. This 
low voltage drop minimizes voltage skew and maintains 
logic input levels to within 0.2 V of Voc, which makes 
the Schottky diode an ideal choice for the diode isola- 
tion circuit. 








Voltage-Level Detector Circuit. The diode isolation 
circuit provides a simple means of battery backup, but 
some applications may require a circuit that minimizes 
voltage skew and has a more defined threshold level. 
The voltage-level detector circuit shown in figure 13 
would allow the designer to fulfill these system 
requirements. 


The voltage-level detector circuit isolates the supply 
voltage from the memory voltage when the voitage 
level falls below Vcc minimum. Threshold voltage is 
specified by using a zener diode in the voltage-divider 
circuit of figure 13. Care must be taken to ensure that 
marginal Vcc levels do not cause unnecessary cycling 
of the backup battery. 


Figure 12. Diode Isolation Circuit 
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Figure 13. Voltage-Level Detector Circuit 
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The voltage-level detector circuit consists of zener 
diode Z1, switching transistor Q1, and the R1 and R2 
voltage-divider network. The collector of Q1 is con- 
nected to the base of PNP isolation transistor Q2, 
isolating Voc from Vocm when the Vcc voltage level 
falls below threshold. Threshold voltage (Vr) is 
determined by Vry = Vz + Vge1, where Vz is zener 
voltage and Vege; is the base-to-emitter voltage drop of 
Q1. The threshold voltage in figure 13 is 3.9 +0.6V = 
4.5 V, which is the specification for minimum Vcc. 
When Vcc drops below minimum specification, the 
zener diode operates in its forward-voltage region, and 
no base current flows into Q1. Q1 is then forced into 
cutoff. With Q1 in cutoff, no base current flows into Q2, 
consequently forcing Q2 into cutoff and isolating Voc 
from Vocm. 


Isolation transistor Q2 must be capable of supplying a 
maximum memory operating current of 140 mA and 
also must provide a minimum Vsarz to reduce voltage 
skew. The PNP 2N2907 medium-power transistor 
chosen for this application can drive up to 150 mA with 
a dc gain range of 100 to 300. The maximum base 
current needed to turn on Q2 is calculated as follows: 


IBqQ2 = Ioq2 + hte = 140 mA + 100 = 1.4 mA 


Since the base of Q2 is connected to the collector of 
Q1, and Ipq2 = !cqi1, Q1 must be capable of driving a 
collector current of 1.4 mA or greater. The choice for 
Q1 is an NPN 2N3904, a general-purpose transistor 
with an Ic maximum of 10 mA and an hfe of 100. The 
base current needed to turn on Q1 is calculated at 
3 mA = 100 = 30 wA, which is much less than the 
maximum Igq; provided by the R1-R2 network. The 
voltage divider R1-R2 must also forward-bias the 
base-emitter junction of Q1 to allow the transistor to 
operate in its active region. The voltage at the Q1 base 
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node is 4.1 volts, which keeps Q1 turned on until 
threshold voltage is reached. 


The circuit in figure 13 was characterized, and the 
relationship between the input and output voltage for 
two output loads is shown in figure 14. At an input 
voltage level of 4.5 V, the output voltage maintains a 
voltage level higher than the minimum data retention 
voltage of 2 V. 


Schmitt Trigger Voltage-Level Detector. The voitage- 
level detector circuit is an improvement over the diode 
isolation circuit. However, the threshold point is sensi- 
tive to variations in Q1 gain, and could cause oscilla- 
tions around the trigger point, draining the backup 
battery. The circuit shown in figure 15 reduces thres- 
hold sensitivity by adding an operational amplifier, 
thereby improving threshold margin by introducing 
hysteresis into the threshold region. This comparator 
circuit is commonly referred to as a Schmitt trigger. 


Figure 14. Voltage-Level Detector/Transfer Function 
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Figure 15. Schmitt Trigger Voltage-Level Detector Circuit 
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The noninverting input of the ~PC358 is connected to 
a reference-voltage network consisting of R4 and R85. 
This reference voltage, when compared to the input 
voltage on the inverting input, determines when the 
output of the operational amplifier will transition. 
If a loop gain in excess of unity is chosen, the output 
waveform continues to be virtually discontinuous at 
the comparison voltage. However, at this point, the 
circuit would exhibit a phenomenom called hysteresis. 
Hysteresis voltage is determined by the resistor net- 
work: of R4 and R65. 


Figure 16 illustrates the response of the Schmitt trigger 
voltage-level detector circuit to the input. signals 
connected to the noninverting input of the uwPC358. 
When the input voltage reaches the value V1, the 
output goes high, and when the input is at V2, the 
output transitions to the low state. The difference 
between the input signals (V1 — V2) is called the 
hysteresis voltage (Vy). Therefore, the threshold volt- 
age is dependent upon two input values, increasing the 
threshold sensitivity by the difference between the two 
voltages. For the circuit in figure 15, Vjy is equal to 
0.34 V. This circuit provides the best response of the 
three backup circuits, but at a cost of increased device 
count. 


The circuit in figure 15 was characterized, and the 
relationship between input voltage and output voltage 
for a 100-kQ output load is shown in figure 17. When the 
input voltage reaches 4.5 V (V1), the output voltage is 
set at a level higher than the minimum data retention 
voltage. Output voltage does not change until input 
voltage reaches a value of 4.1 V (V2). 


System Power Failure Design Considerations 


As shown in figure 18, Vcc decays siowly after power 
failure, providing time for an orderly system shutdown. 
Even during an orderly shutdown, the system may 
generate spurious memory commands, causing viable 
data to be overwritten. The designer can use the status 
signal generated by the system’s power supply monitor 
circuit to protect the memory from false CPU com- 
mands after power failure. (The power supply monitor 
circuit is shown as part of the memory battery backup 
system in figure 4.) 
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Figure 16. Response of the Schmitt Trigger 
to an Arbitrary Signal 
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Figure 17 Schmitt Trigger Detector/Transfer Function 


RL = 100 kQ 
Voc [System] 


Vocm [Battery} 


Output Voltage [Volts} 


3 
Input Voltage [Volts] 


Test Conditions: 
(1] VIN=0to5.5V 
[2] Load resistance = 100 kQ 





83-004860A 


Figure 18. Power Failure Vcc Profile 
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The power supply status signal (Power OK) remains 
inactive during the entire time Vcc is off to force the 
output of the NAND gate to remain inactive (high). This 
status signal also is sent to the NAND gate of the 
memory circuit (“Power OK” in figure 19). The memory 
circuit “ands” this status signal with the other control 
signals and deselects the memory array before any 
false commands are generated. 


Once the backup circuit has taken over and the mem- 
ory array has been deselected, CS must be maintained 
at Voc -0.2V. The 10-kQ resistor ensures that the 
requirement for CS = Vocm — 0.2 V is met. 


If a power supply monitor circuit is not provided, the 
designer may design one. The circuit shown in figure 20 
uses a voltage-level detector design to detect when Voc 
falls below 4.5 V. This circuit is similar to the voltage- 
level detector circuit used inthe battery backup design 
example. Rather than control an isolation transistor, 
this power supply monitor circuit generates a power 
supply status signal (Power OK) to the memory select 
logic. 


The circuit shown in figure 20 is subject to oscillations 
due to variations in Qi gain and limited threshold 
margins. The addition of a Schmitt trigger to the power 
supply monitor circuit (figure 21) increases threshold 
margins by introducing hysteresis into the threshold 
region. The amount of hysteresis is determined by the 
values of R4 and R5. When input voltage falls below 
4.5 V, the circuit generates a low signal (Power OK) to 
the memory select logic, and the memory array is 
deselected. Power OK remains low because R85 pulls it 
down as long as Vcc is off. 
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Figure 19. Memory Array Deselect Circuit 
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NEC Electronics Inc. 


Introduction 


Supercaps are an innovative type of capacitor provid- 
ing a volumetric efficiency (i.e., capacitance per unit 
volume for a given voltage) of 10 to 50 times that of 
conventional aluminum electrolytic capacitors. High 
capacitance (2.2 million uF) and low leakage current 
make the supercap an efficient, reliable and cost- 
effective energy storage device. 


In 1879, the theory of electric double-layer capacitance 
was introduced by Helmholtz, but the first electric 
double-layer capacitor using solid electrolyte wasn’t 
developed until 90 years later, a gap caused in part by 
a lack of proper materials. In 1979, NEC introduced its 
electric double-layer supercapacitor, nicknamed super- 
cap, and with it a new manufacturing technology and 
newly developed construction materials. 


Today NEC manufactures an extensive line of super- 
Caps to meet a variety of demands. For example, large 
current backup is provided by our FA- and FE-series, 
small current backup by our FY-series, moderate cur- 
rent backup by the FS-series, and wide operating mar- 
gins by the FR-series. 


Figure 1. 


Basic Model of a Supercap 


© ® 
O}@ 

© 
O|9 O|® 


ae 


Potential at Zero Voltage 





Supercap is a trademark of NEC Corporation. 


60089 


aan, 


Application Note 90-04 


Battery Backup Using NEC’s Supercaps™ 


Theory of Operation 


At each interface (figure 1), an array of charged parti- 
cles and induced charges is thought to exist. This array 
is known as an electric double layer. The large capaci- 
tance of an electric double-layer capacitor arises from 
the charge stored at the interface as the electric field 
changes across two available phases. In a supercap, 
one phase consists of activated carbon particles and 
the other of sulfuric acid solution as an ionically con- 
ducting electrolyte. In general, the relationship of the 
charge per unit area (n) and the double-layer potential 
(?) is reflected by the following equation: 


n= [d/(4n§]x 


where d is the dielectric constant of the interface 
media and 6 is the mean distance between the solid 
surface (polarizable electrode) and the ionic center 
The value of 6 is a few angstroms. In the Helmholtz 
model, the potential gradient exists only in the area of 
the electric double layer. As a result, the potential curve 
is as shown in figure 1. 
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If do represents @ when no external bias is applied, 
then the calculation is expressed this way: 


No = [d/ (4n5)] x Do 


Conversely, some charges are accumulated at the 
interface if an external electric field is applied to the 
system shown in figure 1. In this case, the potential 
rises to @, and the charge of n, can be accumulated as 
shown by this equation: - 


my = [d/ (408) x (264 - Po) 
The. charge equivalent to n; can be accumulated by 
changing the external electric field, as follows: 


Mh = 2no (Pi / Po), where (P; > Po) 


The experimental result, using mercury as a polarizable 
electrode, shows a 20 to 40 pF/cm2 value. Therefore, if 
the activated carbon behavior is the same as that of 
mercury, the capacitance for a capacitor consisting of 
activated carbon with a 1,000 m2/g surface area is 
calculated to be 200 to 400 F/g, avery large value. In this 
way, a device with large capacitance and small size can 
be easily manufactured. | 


Structure 


The cross section of a unit cell is shown in figure 2. The 
activated carbon particles moisturized (semi-liquid 
state) by diluted sulfuric acid electrolyte are segre- 
gated by a porous, ion-permeable separator. The unit 
Cell is sealed by the electroconductive polymer and a 
nonconductive rubber gasket, which are vulcanized 
simultaneously. No adhesive glue is used for the seal. 


Figure2. Unit Cell 
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The breakdown voltage of the unit cell can be as low as 
1.2 volts (thermodynamically), which is the decompo- 
sition voltage of aqueous electrolyte solution. There- 
fore, several unit cells are stacked in series to get the 
required rated voltage (figure 3). 


Performance 


Supercaps have no standard specifications from 
groups such as the EIA and, accordingly, are specified 
by individual manufacturers, For example, NEC has 
specifications to cover the following: 


Operating temperature 

Maximum working voltage 
Capacitance | 

Capacitance tolerance 
Equivalent series resistance! (ESR) 
Charging (leakage) current at 30 minutes 
Voltage holding characteristics 

e@ Temperature characteristics 

e@ Lead terminal strength - 

e Vibration 

@ Solderability 

e Resistance to soldering heat 

e Temperature cycling 

@ Humidity 

e@ Load life 


Detailed information can be found inthe data sheets for 
each series. 


Note: 

[1] Due to relatively high ESR, supercaps may be unsuitable for 
filtering applications. ESR involves different resistance factors in 
the electrolyte, the activated carbon particles, the carbon to 
electroconductive polymer contacts, and the contacts between 
cell units, among others. 


Calculating Required Supercap Size 


‘When the required backup current is on the order of 


miliamps or more, size is determined as shown in figure 
4, When backup current is on the order of microamps or 
less, figure 5 applies. Keep in mind that the curves in 
figure 5 are approximations and actual backup time 
may vary. 
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Figure 3. Cross Section Figure4. Relationship Between Voltage and Time 
While the Supercap is Charging and 
Discharging 
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Figure 5. Minimum Backup for CMOS RAMs 
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Applications 
Supercaps typically are used as__ 


@ Backup power during primary outages 


e Backup power during voltage drops caused by 


heavy loads 
e@ Backup sources to primary batteries 


As battery backup sources for the microcomputer and 
memory devices found in VCRs, AM-FM tuners, cam- 
eras and hand-held computers, their primary function 
is to prevent errors in operation during power outages 
(figure 6). Until recently, batteries or electrolytic capac- 
itors have been used, but because batteries have to be 
replaced or recharged and aluminum capacitors are 


Table 1. Comparison of Features 


too large, supercaps are an excellent alternative to 
traditional backup technologies. 


Figure 6. Basic Backup Circuit Using a Supercap 
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Aluminum Electrolytic 


Features Supercaps Ni-Cd Batteries Lithium Batteries Capacitors 
Operating temperature -40 to 85°C -20 to 65°C 20 to 60°C —40 to 85°C 
Working voltage 5.5 V and 11 V 1.2V 3V Over 6.3 V 
Capacitance 1 210 360 0.01 

Charging time Several seconds Several hours _— Several seconds 
Charging current limitations None _ Limited —_ None 
Charge/discharge cycles Infinite (more than 105 times) 300 to 500 times —_ Infinite (more than 105 times) 


Reflow soldering Applicable 


Materials safety No noxious materials 


Not applicable 
Cadmium 


Not applicable Applicable 


No noxious materials No noxious materials 





Notes: 


(1) Capacitance is shown asa ratio to the supercap’s electric charge 
per unit volume. 


Table 2. Advantages and Disadvantages of Alternate Sources to Supercaps 





Backup Source Advantages 


Disadvantages 





Ni-Cd Battery Rechargeable 


Large capacity 


Noxious materials 


Must be replaced every 6 months to 2 years because of limited charge/ 


discharge cycles 





Needs protection against rapid charging 


‘ 





May be broken by shorting terminals after. Swaine 





Lithium Battery Large capacity 


. Unsuitable for high current applications 


No reflow soldering 


Not rechargeable 





Aluminum Electrolytic Capacitor Easy to use 





a 


Small capacitance 
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Figure 7. Memory Backup Circuit Block Diagram 
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Device/Package Cross-Reference 


Part Number Ordering Designation Package Page 





MC-434000 D 32-Pin Ceramic DIP (600-mil) 43 
E 32-Pin Plastic (FR-4) DIP (600-mil) 44 

puPB100422 B 24-Pin Ceramic Flatpack 29 
D 24-Pin Ceramic DIP (400-mil) 25 

uPB100470 D 18-Pin Cerdip (300-mil) 17 
uPB100474 B 24-Pin Ceramic Flatpack 29 
D 24-Pin Ceramic DIP (400-mil) 25 

K 24-Pin Ceramic LCC 28 

uUPB100474A BH 24-Pin Ceramic Flatpack 29 
D 24-Pin Cerdip (400-mil) #2 25 

pUPB100474E DH 24-Pin Cerdip (400-mil) #1 24 
BH 24-Pin Ceramic Flatpack 29 

uPB100476LL DH 28-Pin Cerdip (400-mil) #2 36 
BH 28-Pin Ceramic Flatpack 37 

sPB100480 B 20-Pin Ceramic Flatpack 20 
D 20-Pin Cerdip (300-mil) 19 

UPB100484 B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 

HPB100484A B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 

UPBi00A 484 B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 

EPB10422 D 24-Pin Ceramic DIP (400-mil) 25 
ptPB10470 D 18-Pin Cerdip (300-mil) 17 
uPB10474 D 24-Pin Cerdip (400-mil) #2 25 
UPB10474A D 24-Pin Cerdip (400-mil) #2 25 
¢PB10474E DH 24-Pin Cerdip (400-mil) #1 24 
BH 24-Pin Ceramic Flatpack 29 

UPB10476LL DH 28-Pin Cerdip (400-mil) #2 36 
BH 28-Pin Ceramic Flatpack 37 

uPB10480 B 20-Pin Ceramic Flatpack 20 
D 20-Pin Cerdip (300-mil) 19 

MPB10484 B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 

uUPB10484A B 28-Pin Ceramic Flatpack 37 
D 28-Pin Cerdip (400-mil) #1 35 

uPB10A484 BH 28-Pin Ceramic Flatpack 37 
28-Pin Cerdip (400-mil) #1 35 


pPD100500 D 24-Pin Cerdip (800-mil) 24 
uPD10500 D 24-Pin Cerdip (800-mil) 24 
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Device/Package Cross-Reference (cont) 


Part Number Ordering Designation Package Page 








uPD28C04 Cc -- 24-Pin Plastic DIP (600-mil) 23 
G -\ 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

uPD28C05 fe 24-Pin Plastic DIP (600-mil) 23 
G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

pPD28C256 CZ 28-Pin Plastic DIP (600-mil) 34 
uPD28C64 Cc 28-Pin Plastic DIP (600-mil) 34 
uPD41256 c 16-Pin Plastic DIP (300-mil) 16 
L 18-Pin Plastic Leaded Chip Carrier 18 

pPD41264 Cc 24-Pin Plastic DIP (400-mil) 22 
V 24-Pin Plastic ZIP (350-mil) 27 

uPD41464 Cc 18-Pin Plastic DIP (300-mil) #1 16 
L 18-Pin Plastic Leaded Chip Carrier 18 

pPD421000 Cc 18-Pin Plastic DIP (300-mil) #2 17 
. GX 24/20-Pin Plastic TSOP | 26 

LA 26/20-Pin Plastic SOU (300-mil) 30 

V 20-Pin Plastic ZIP (850-mil) 19 

uPD42101 Cc 24-Pin Plastic DIP (300-mil) #2 21 
= G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 
pPD42102 c 24-Pin Plastic DIP (800-mil) #2 OF 
. G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

. uPD42116162 50-Pin Plastic TSOP Il (400-mil) 55 
 uPD42116182 7 50-Pin Plastic TSOP Il (400-mil) 55 
 pPD42116420 44-Pin Plastic TSOP Il (400-mil) #2 54 
pPD42116820 44-Pin Plastic TSOP Il (400-mil) #2 54 
uPD42116920 44-Pin Plastic TSOP II (400-mil) #2 54 
pPD4216100 G5 28/24-Pin Plastic TSOP II (400-mil) 39 
LE : 28/24-Pin Plastic SOJ (400-mil) 38 

G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

V : 24-Pin Plastic ZIP (425-mil) 28 

yPD4216101 G5 28/24-Pin Plastic TSOP II (400-mil) 39 
LE 28/24-Pin Plastic SOJ (400-mil) - 38 

G5M - 28/24-Pin Plastic TSOP II (400-mil) 39 

V 24-Pin Plastic ZIP (425-mil) 28 

pPD4216102 Vv - 24-Pin Plastic ZIP (425-mil) 28 
_ G5M 28/24-Pin Plastic TSOP fl (400-mil) 39 

G5 . 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 88 


nN 


NEC 


Package Drawings 





Device/Package Cross-Reference (cont) 


Part Number 
uPD4216160 


uPD4216160L 
yPD4216180 
uPD4216180L 


pPD4216400 


uPD4216402 


pPD4216410 


pPD4216412 


pPD4216800 
uPD4216800L 
yPD4216802 


uPD4216802L 


Ordering Designation 


Package 

50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil} 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP il (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP 1! (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP I! (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP It (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 


ie) 
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Device/Package Cross-Reference (cont) 
Part Number Ordering Designation 
uUPD4216900 G5 
G5M 
LE 
MPD4216900L GSM 
LE 
G5 
uPD4216902 G5 
G5M 
LE 
uUPD4216902L G5 
G5M 
LE 
uPD4217100 G5 
LE 


GSM 
uPD4217101 G5 
LE 


G5M 
pPD4217102 Vv 
G5M 
LE 
G5 
pPD4217160 G5 
LE 
G5M 
yPD4217160L G5M 
LE 
G5 
pPD4217180 LE 
G5M 
G5 
pPD4217180L G5 
LE 
G5M 
pPD4217400 Vv 
G5M 
LE 
G5 


Package 

32-Pin Plastic TSOP 1 (400-mil} 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP It (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP Ii (400-mil) 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic TSOP Il (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic TSOP II (400-mil) 
32-Pin Plastic SOJ (400-mil) #2 
28/24-Pin Plastic TSOP It (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
24-Pin Plastic ZIP (425-mi!) 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic TSOP Il (400-mil) 
28/24-Pin Plastic SOJ (400 -mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP II (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP It (400-mil) 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP I! (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP fl (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Piastic TSOP It (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
24-Pin Plastic ZIP (425-mil) 
28/24-Pin Plastic TSOP Il (400-mil} 
28/24-Pin Plastic SOJ (400-mil) 
28/24-Pin Plastic TSOP II (400-mil) 


NEC 


Page 
47 
47 
45 
47 
45 
47 
47 
47 
45 
47 
47 
45 
39 
38 
28 
39 
39 
38 
28 
39 
28 
39 
38 
39 
56 
51 
56 
56 
51 
56 
51 
56 
56 
56 
51 
56 
28 
39 
38 
39 


N. KE Cc Package Drawings 


Device/Package Cross-Reference (cont) 


Part Number Ordering Designation Package Page 





uPD4217402 v 24-Pin Plastic ZIP (425-mil) 28 





G5M 28/24-Pin Plastic TSOP Il (400-mil) 39 
LE 28/24-Pin Plastic SOJ (400-mil) 38 
G5 28/24-Pin Plastic TSOP I! (400-mil) 39 
uPD4217410 Vv 24-Pin Plastic ZIP (425-mil) 28 
G5M 28/24-Pin Plastic TSOP I! (400-mil) 39 
LE 28/24-Pin Plastic SOJ (400-mil) 38 
G5 28/24-Pin Plastic TSOP 1 (400-mil) 39 
uPD4217412 Vv 24-Pin Plastic ZIP (425-mil) 28 
G5M 28/24-Pin Plastic TSOP II (400-mil) 39 
LE 28/24-Pin Plastic SOJ (400-mil) 38 
G5 28/24-Pin Plastic TSOP Il (400-mil) 39 
uPD4217800 G5 28-Pin Plastic TSOP Il (400-mil) 39 
LE 28-Pin Plastic SOU (400-mil) 38 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
uPD4217800L G5M 28-Pin Plastic TSOP Il (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
G5 28-Pin Plastic TSOP I! (400-mil) 39 
yuPD4217802 LE 28-Pin Plastic SOJ (400-mil) 38 
G5M 28-Pin Plastic TSOP II (400-mil) 39 
G5 28-Pin Plastic TSOP Il (400-mil) 39 
uPD4217802L LE 28-Pin Plastic SOJ (400 -mil) 38 
G5M 28-Pin Plastic TSOP It (400-mil) 39 
G5 28-Pin Plastic TSOP II (400-mil) 39 
uPD4217900 G5 $2-Pin Plastic TSOP Il (400-mil) 47 
LE 32-Pin Plastic SOJ (400-mil) #2 45 
G5M 32-Pin Plastic TSOP Hi (400-mil) 47 
uPD4217900L G5M 32-Pin Plastic TSOP II (400-mil) 47 
LE 32-Pin Plastic SOJ (400-mil) #2 45 
G5 32-Pin Plastic TSOP II (400-mil) 47 
uPD4217902 G5M $2-Pin Plastic TSOP I! (400-mil) 47 
LE 32-Pin Plastic SOJ (400-mil) #2 45 
G5 32-Pin Plastic TSOP II (400-mil) 47 
pPD4217902L G5M 32-Pin Plastic TSOP II (400-mil) 47 
G5 32-Pin Plastic TSOP I! (400-mil) 47 
LE 32-Pin Plastic SOJ (400-mil) #2 45 
pPD4218160 G5 50/44-Pin Plastic TSOP Il (400-mil) 56 
LE 42-Pin Plastic SOJ (400 -mil) 51 
G5M 50/44-Pin Plastic TSOP Il (400-mil) 56 
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Device/Package Cross-Reference (cont) 


Part Number 
HUPD4218160L 


UPD4218180 
uUPD4218180L 
uUPD42264 


pPD42270 
uPD42271 
puPD42272 
yPD42273 
uPD42274 


pPD42274-80 


.. wPD42275 
" uPD42280 


uPD424100 


uPD424100A 


uPD424100L 


pPD424101 


Ordering Designation 
G5M 

LE 

G5 

LE 

G5M 

G5 

G5 

LE 

G5M 


LA 


GF 
GF 
LE 


LE 


LE 
LE 
GU 


GS 
GSM 


LA 
LA 
GS 
GSM 


LA 
GS 


GSM 


GS 


LA 
GSM 


Package 

50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP fl (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil} 
50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic DIP (400-mil) 

24-Pin Plastic ZIP (350-mil) 

24-pin Plastic SOJ (800-mil) 
28-Pin Plastic DIP (400-mil) 
64-Pin Plastic QFP 

64-Pin Plastic QFP 

28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic SOU (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic SOJ (400-mil) 
40-Pin Plastic SOJ (400-mil) 
28-Pin Plastic SOP (Miniflat) (450-mil). #1 
28-Pin Plastic ZIP (350-mil) 
26/20-Pin Plastic TSOP Hl (300-mil) 
26/20-Pin Plastic TSOP Hl (800-mil) 
20-Pin Plastic ZIP (850-mil) 


. 26/20-Pin Plastic SOJ (300-mil) 


26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP 1 (800-mil) 
26/20-Pin Plastic TSOP Il (300-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP II (300-mil) 
26/20-Pin Plastic TSOP {1 (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 





‘Page 
56 


51 
56 
51 
56 
56 
56 
51 


22 
27 
26 
33 
58 
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Device/Package Cross-Reference (cont) 








Part Number Ordering Designation Package Page 
uPD424102 LA 26/20-Pin Plastic SOJ (300-mil) 30 
GSM 26/20-Pin Plastic TSOP {I (800-mil) 32 
V 20-Pin Plastic ZIP (850-mil) 19 
GS 26/20-Pin Plastic TSOP Il (300-mil) 32 
UPD424170A V 40-Pin Plastic ZIP (400-mil) 50: 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
G5 44/40-Pin Plastic TSOP I! (800-mil) 52 
uPD424170L V 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
Gs ‘44/40-Pin Plastic TSOP Il (300-mil) 52 
uPD424190A G5 44/40-Pin Plastic TSOP li (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40-Pin Plastic TSOP I! (800-mil) 52 
uPD424190L G5 -44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V '  40-Pin Plastic ZIP (400- il) 50 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
uPD424256 Cc 20-Pin Plastic DIP (800-mil) 18 
LA 26/20-Pin Plastic SOJ (300-mil) 30 
V 20-Pin Plastic ZIP (850-mil) 19 
GX 24/20-Pin Plastic TSOP | 26 
uUPD424260A G5 , 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40 -Pin Plastic TSOP Il (800-mil) 52 
pPD424260L Gs 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40-Pin Plastic TSOP il (300-mil) 52 
HPD424263A G5 44/40-Pin Plastic TSOP Il (300-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
uPD424263L G5 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE . 40-Pin Plastic SOJ (400-mil) 49 
Vv 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40-Pin Plastic TSOP II (800-mil) 52 
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Device/Package Cross-Reference (cont) 


Part Number 
pPD424280A 


uPD424280L 


uPD424400 


pPD424400A 


pPD424400L 


/(yPD424402 


pPD424410 


pPD424412 


uPD424440 


uPD424440L 
UPD424800A 


uPD424800L 


Ordering Designation 
V 

G5M 

LE 

G5 

V 

G5M 

LE 

G5 

GSM 


LA 
GS 
GSM 
GS 


LA 
GSM 
GS 


LA 


LA 
GSM 
GS 


LB 
LA 
Gs 
LA 


Gs 
LE 
LE 
G5 
LE 


GSM 
G5 


LE 


G5M 


Package 

40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
40-Pin Plastic SOJ (400-mil) 
44/40-Pin Plastic TSOP Il (800-mil) 
40-Pin Plastic ZIP (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
40-Pin Plastic SOJ (400-mil) 
44/40-Pin Plastic TSOP II (800-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
26/20-Pin Plastic TSOP I] (800-mil) 
26/20-Pin Plastic TSOP Ii (300-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP Il (300-mil) 
26/20-Pin Plastic TSOP I! (300-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP I! (800-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
26/20-Pin Plastic SOJ (800-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
26/24-Pin Plastic SOJ (850-mil) 
26/24-Pin Plastic SOJ (350-mil) 
28-Pin Plastic TSOP il (400-mif) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic TSOP Il (400-mil) 


Page 
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Device/Package Cross-Reference (cont) 

Part Number 

pPD424810A LE 
G5 
G5M 


Ordering Designation 


yPD424810L LE 
G5 
G5M 


UPD424900A Gs 
LE 


GSM 
uPD424900L GS 
LE 


G5M 
pPD42505 


< 


pPD42532 
yPD42601 Vv 
LA 
pPD42641 Gs 
LA 
~ GSM 
pPD42644 LA 
GSM 
Gs 
pPD42816160 G5 
G5M 
LE 
pPD42S16160L LE 
G5M 
G5 
piPD42S16180 G5M 
G5 
LE 
yPD42816180L G5M 
GS 
LE 


Package 

28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Ii (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP I] (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic TSOP Il (400-mil) 
24-Pin Plastic DIP (300-mil) #2 
28-Pin Plastic ZIP (350-mil) 
40-Pin Plastic DIP (600-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic SOJ (800-mil) 
26/20-Pin Plastic TSOP I! (800-mil) 
26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
26/20-Pin Plastic SOJ (300-mil) 
26/20-Pin Plastic TSOP Il (800-mil) 
26/20-Pin Plastic TSOP I! (800-mil) 
50/44-Pin Plastic TSOP Il (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
42-Pin Plastic SOJ (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 


‘50/44-Pin Plastic TSOP Il (400-mil) 


50/44-Pin Plastic TSOP Il (400-mil) 
42-Pin Plastic SOJ (400-mil) 
50/44-Pin Plastic TSOP I! (400-mil) 
50/44-Pin Plastic TSOP II (400-mil) 
42-Pin Plastic SOJ (400-mil) 
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Device/Package Cross-Reference (cont) 











Part Number Ordering Designation Package Page 
pPD42816800 — Gs 28-Pin Plastic TSOP 1 (400-mil) 39 
G5M , 28-Pin Plastic TSOP Il (400-mil) 39 
LE : 28-Pin Plastic SOJ (400-mil) 38 
pPD42S16800L LE 28-Pin Plastic SOJ (400-mil) 38 
G5M 28-Pin Plastic TSOP II (400-mil) 39 
Gs 28-Pin Plastic TSOP I! (400-mil) 39 
uPD42816802 GC 28-Pin Plastic TSOP I! (400-mil) 39 
G5M 28-Pin Plastic TSOP I! (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 
pPD42816802L G5 : 28-Pin Plastic TSOP fl (400-mil) 39 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 
LE . 28-Pin Plastic SOJ (400-mil) 38 
pPD42S16900 G5 32-Pin Plastic TSOP Il (400-mil) 47 
G5M 32-Pin Plastic TSOP II (400-mil) 47 
LE 32-Pin Plastic SOU (400-mil) #2 45 
HPD42S16900L LE 32-Pin Plastic SOJ (400-mil) #2 45 
GSM 32-Pin Plastic TSOP Il (400-mil) 47 
G5 32-Pin Plastic TSOP Il (400-mil) 47 

pPD42816902 G5 32-Pin Plastic TSOP Il (400-mil) 47 
LE 32-Pin Plastic SOU (400-mil) #2 45 
= GSM 32-Pin Plastic TSOP I! (400-mil) 47 
"_uPD42816902L G5 32-Pin Plastic TSOP Il (400-mil) 47 
. LE 7 32-Pin Plastic SOJ (400-mil) #2 45 
; GSM - 32-Pin Plastic TSOP II (400-mil) 47 
pPD42817160 G5 50/44-Pin Plastic TSOP Il (400-mil) 56 
GSM. 50/44-Pin Plastic TSOP Il (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 
uPD42817160L LE : 42-Pin Plastic SOJ (400-mil) 51 
G5M 50/44-Pin Plastic TSOP II (400-mil) 56 
G5 50/44-Pin Plastic TSOP Il (400-mil) 56 

pPD42817180 GBM ‘ ' 50/44-Pin Plastic TSOP Il (400-mil) 56 | 
G5 . 50/44-Pin Plastic TSOP II (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 
uPD42S17180L G5M 50/44-Pin Plastic TSOP Il (400-mil). 56 
G5 50/44-Pin Plastic TSOP Il (400-mil) 56 
LE 42-Pin Plastic SOJ (400-mil) 51 
pPD42S17800 GS = 28-Pin Plastic TSOP Il (400-mil) 89 
G5M - 28-Pin Plastic TSOP Il (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 





N. KE C Package Drawings 


Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 





uUPD42S17800L LE 28-Pin Plastic SOJ (400-mil) 338 
G5M 28-Pin Plastic TSOP Il (400-mil) 39 

G5 28-Pin Plastic TSOP Il (400-mil) 39 

uPD42817802 G5M 28-Pin Plastic TSOP II (400-mil) 39 
LE 28-Pin Plastic SOJ (400-mil) 38 

G5 -28-Pin Plastic TSOP Il (400-mil) 39 

yPD42817802L LE 28-Pin Plastic SOJ (400-mil) 38 
G5M _ 28-Pin Plastic TSOP I! (400-mil) 39 

G5 28-Pin Plastic TSOP II (400-mil) 39 

uUPD42S17900 G5 32-Pin Plastic TSOP II (400-mil) 47 
LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

pPD42S17900L LE 32-Pin Plastic SOJ (400-mil) #2 45 
G5M 32-Pin Plastic TSOP II (400-mil) 47 

G5 32-Pin Plastic TSOP II (400-mil) 47 

uPD42817902 LE 32-Pin Plastic SOJ (400-mil) #2 45 
. G5M 32-Pin Plastic TSOP II (400-mil) 47 

G5 32-Pin Plastic TSOP Il (400-mil) 47 

uPD42S17902L G5M 32-Pin Plastic TSOP Il (400-mil) 47 
LE _' 32-Pin Plastic SOJ (400-mil) #2 45 

G5 32-Pin Plastic TSOP II (400-mil) 47 

pPD42818160 G5 50/44-Pin Plastic TSOP II (400-mil) 56 
. LE 42-Pin Plastic SOJ (400-mil) 51 

G5M - §0/44-Pin Plastic TSOP II (400-mil) 56 

pPD42S18160L LE 42-Pin Plastic SOJ (400-mil) 51 
G5 50/44-Pin Plastic TSOP Il (400-mil) 56 

G5M ; 50/44-Pin Plastic TSOP II (400-mil) 56 

pPD42818180 G5M 50/44-Pin Plastic TSOP II (400-mil) 56 
G5 50/44-Pin Plastic TSOP I! (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

pPD42$18180L LE 42-Pin Plastic SOJ (400-mil) 51 
G5 50/44-Pin Plastic TSOP II (400-mil) 56 

G5M 50/44-Pin Plastic TSOP Il (400-mil) 56 

LPD42S4100A LA 26/20-Pin Plastic SOJ (300-mil) 30 
Vv 20-Pin Plastic ZIP (850-mil) 19 

Gs 26/20-Pin Plastic TSOP I! (800-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 
pPD42S4100L LA 26/20-Pin Plastic SOJ (300-mil) 30 
V 20-Pin Plastic ZIP (350-mil) 19 

Gs 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 
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Package Drawings NV E C 


Device/Package Cross-Reference (cont) 








Part Number Ordering Designation Package Page 
UPD42S4170A V 40-Pin Plastic ZIP (400-mil) 50 
G5 44/40-Pin Plastic TSOP II (800-mil) 52 
G5M 44/40-Pin Plastic TSOP II (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
uPD42S4170L Vv 40-Pin Plastic ZIP (400-mil) 50 
G5 44/40-Pin Plastic TSOP fl (800-mil) 52 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
UPD42S4190A G5 44/40-Pin Plastic TSOP Il (800-mil) 52 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
uUPD42S4190L G5 44/40-Pin Plastic TSOP It (800-mil) 52 
G5M 44/40-Pin Plastic TSOP II (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
UPD42S4260A G5 44/40-Pin Plastic TSOP I! (800-mil) 52 
G5M 44/40-Pin Plastic TSOP {I (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
uUPD42S4260L Gs 44/40-Pin Plastic TSOP Il (800-mil) 52 
G5M 44/40-Pin Plastic TSOP Ii (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
UPD42S84263A G5 44/40-Pin Plastic TSOP II (800-mil) 52 
G5M 44/40-Pin Plastic TSOP Il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
UPD42S4263L G5 44/40-Pin Plastic TSOP II (800-mil) 52 
G5M 44/40 -Pin Plastic TSOP II (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
V 40-Pin Plastic ZIP (400-mil) 50 
UPD42S4280A V 40-Pin Plastic ZIP (400-mil) 50 
G5 44/40-Pin Plastic TSOP Il (800-mil) 52 
G5M 44/40-Pin Plastic TSOP II (800 -mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 
puPD42S4280L V 40-Pin Plastic ZIP (400-mil) 50 
G5M 44/40-Pin Plastic TSOP il (800-mil) 52 
LE 40-Pin Plastic SOJ (400-mil) 49 


NEC 


Device/Package Cross-Reference (cont) 
Part Number Ordering Designation 
UPD42S4400A GSM 
LA 
V 
Gs 
pPD42S4400L GSM 
LA 
V 
GS 
uPD4284440 LE 
uPD4284440L LE 
UPD42S4800A G5 
G5M 
LE 
V 
uPD42S4800L G5 
G5M 
LE 
Vv 
HPD42S4810A LE 
V 
G5 
G5M 
HPD42S4810L LE 
Vv 
G5 
G5M 
HPD42S4900A G5 
G5M 
LE 
Vv 
pPD42S4900L G5 
G5M 
LE 
V 
HPD431000A GZM 
CZ 
Gw 
GZ 
uPD431001 LE 
uPD431004 LE 
pPD431008 LE 


Package Drawings 


Package 

26/20-Pin Plastic TSOP II (300-mil) 
26/20-Pin Plastic SOJ (800-mil) 
20-Pin Plastic ZIP (350-mil) 
26/20-Pin Plastic TSOP I (300-mil) 
26/20-Pin Plastic TSOP II (800-mil) 
26/20-Pin Plastic SOJ (300-mil) 
20-Pin Plastic ZIP (850-mil) 
26/20-Pin Plastic TSOP Il (800 -mil) 
26/24-Pin Plastic SOJ (350-mil) 
26/24-Pin Plastic SOJ (850-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (850-mil) 

28-Pin Plastic TSOP tl (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic SOU (400-mil) 
28-Pin Plastic ZIP (850-mil) 
28-Pin Plastic TSOP It (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (350-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP II (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (350-mil) 

28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic TSOP Il (400-mil) 
28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic ZIP (350-mil) 
32-Pin Plastic TSOP | #1 

32-Pin Plastic DIP (600-mil) 
32-Pin Plastic SOP (Miniflat) (625-mil) 
32-Pin Plastic TSOP | #1 

28-Pin Plastic SOJ (400-mil) 
28-Pin Plastic SOJ (400-mil) 
32-Pin Plastic SOJ (400-mil) #1 


32 
30 
19 
32 
32 
30 
19 


. 32 


31 
31 

39 
39 
38 
41 

39 
39 
38 
41 

38 
41 

39 
39 
38 
41 

39 
39 
39 
39 


41 
39 
39 
38 
41 
46 
43 


Page 


47. 


46 


38 
45 
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Package Drawings 





Device/Package Cross-Reference (cont) 


PartiNumber Ordering Designation >»... Package PTE : Page 











uPD431009 toe -_ -\ 36-Pin Plastic SOJ (400-mil) : hae seit 
uPD431016 LE . .< 44-Pin Plastic SOU (400-mil) 51 
Sg. G5 he ~ 44-Pin Plastic TSOP Il (400-mil) #3 55 
uPD431018 G5 ——- 4 44-Pin Plastic TSOP Il (400-mil) #3 55 
lE . -- 44-Pin Plastic SOJ (400-mil) Bt. 
uPD43251B tar. 24-Pin Plastic SOJ (300-mil) 26 
CR 24-Pin Plastic DIP (300-mil) #1 21 
uPD43253B LA. Ges - 28-Pin Plastic SOJ (300-mil) . 37 
— CR 28-Pin Plastic DIP (300-mil) #2 83 
yPD43254B LA . _. 24-Pin Plastic SOU (300-mil) BB 
CR 24-Pin Plastic DIP (300-mil) #1 Ot 
uPD43256A GU 28-Pin Plastic SOP (Miniflat) (450-mil) #2 40 
Cc 28-Pin Plastic DIP (600 -mil) 34 
GXM . _- 32-Pin Plastic TSOP | #2 46 
GX ; . : ' 32-Pin Plastic TSOP | #2 : 46 
yPD432568 GU | 28-Pin Plastic SOP (Miniflat) (450-mil) #2 40 
Cz 28-Pin Plastic DIP (600-mil) 34 
UPD43258A LA 28-Pin Plastic SOJ (300-mil) 37 
mo CR 28-Pin Plastic DIP (300-mil) #2 ogg 
uPD43259A CR * 32-Pin Plastic DIP (300-mil) 42 
LA 32-Pin Plastic SOJ (300-mil) 44 
uPD434000 CZ : '’ 32-Pin Plastic DIP (600 -mil) 43 
GW 32-Pin Plastic SOP (Miniflat) (525-mil) ; 47» 
GS 32-Pin Plastic TSOP I! (400-mil) 47 
G5M ie 32-Pin Plastic TSOP Il (400-mil) 47 
uPD434001 LE 32-Pin Plastic SOJ (400-mil) #1 45 
pPD434004 LE 2 - 82-Pin Plastic SOJ (400-mil) #1 ry 
uPD434008 LE - 36-Pin Plastic SOJ (400-mil) We ae 48 
pPD4361B CR : 22-Pin Plastic DIP (300-mil) 20 
- LA 24-Pin Plastic SOJ (300-mil) 26 
pPD4362B LA _ 24-Pin Plastic SOJ (300-mil) : -. 26 
se CR _ 22-Pin Plastic DIP (300-mil) 20 
pPD4363B CR | © 24-Pin Plastic DIP (300-mil) #1 21 
- LA ginoe ~ . 24-Pin Plastic SOJ (300-mil) | 26 
uPD4368 CR 28-Pin Plastic DIP (300-mil) #2. | 33 
LA ia 28-Pin Plastic SOJ (300-mil) 37 
uPD4369 CR... Oe . . -28-Pin Plastic DIP (800-mil) #1 32 
oe LA =" 28-Pin Plastic SOJ (800-mil) 37 
uPD46710A LN . 52-Pin Plastic LCC 87 
pPD46741A LP 2 ; 68-Pin Plastic LCC 59 
pPD481440 LE  40-Pin Plastic SOU (400-mil) 4g 





_h 


N. E Cc Package Drawings 


Device/Package Cross-Reference (cont) 








Part Number Ordering Designation Package Page 
UPD482234 G5M 44-Pin Plastic TSOP Il (400-mil) #1 53 
VF 40-Pin Plastic Shrink ZIP (450-mil) 50 
G5 44-Pin Plastic TSOP If (400-mil) #1 53 
LE 40-Pin Plastic SOJ (400-mil) 49 
UPD482235 G5M 44-Pin Plastic TSOP Il (400-mil) #1 53 
VF 40-Pin Plastic Shrink ZIP (450-mil) 50 
Gs 44-Pin Plastic TSOP il (400-mil) #1 53 
LE 40-Pin Plastic SOJ (400-mil) 49 
uUPD485505 GU 24-Pin Plastic SOP. (Miniflat) (450-mil) 27- 
Vv 24-Pin Plastic ZIP (350-mil) 27 
uPD485506 G5 44-Pin Plastic TSOP Il (400-mil) #1 53 
uUPD488130 32-Pin Surface Vertical Package (SVP). 48 
HPD488170 32-Pin Surface Vertical Package (SVP) 48 
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Package Drawings NV. KE C 


16-Pin Plastic DIP (300-mil) 


Millimeters Inches 
20.32 max 800 max 
1.27 max 050 max 
2.54 (TP) 100 (TP) 


+ 004 
0.50 + 0.10 020 ~ ‘005 


1.2 min .047 min 
3.2 +03 126 + .012 
0.51 min 020 min 
4.31 max .170 max 
5.08 max .200 max 
7.62 (TP) - 800 (TP) 
6.7 264 


+0.10 + .004 
0.25 9.05 919 _ ‘003 


0.25 010 
1.0 min .039 min 


viz} = ie [A%lel-jzjol|n| o O|a)> 1s 


* jtem K to center of leads 
when formed parallel. 


49NRA-674B (2/90) 


Item Millimeters 
22.86 max 
1.27 max 
2.54 (TP) 
0.50 + 0.10 


1.2 min 

3.2 + 0.3 126 + .012 
0.51 min .020 min 
4.31 max -170 max 
5.08 max 200 max 
7.62 (TP) 300 (TP) 
6.7 264 


+0.10 + .004 
0.25 *595 «010 * O05 


0.25 010 
1.0 min 039 min 


* item K to center of leads 
when formed paraliel. 
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N; E Cc Package Drawings 


18-Pin Plastic DIP (300-mil) #2 


Millimeters inches 
22.86 max -900 max 
1.27 max 050 max 
2.54 (TP) -100 (TP) 


0.50 =0.10 020 * 00 


1.2 min .047 min 
3.2 +0.3 126 + .012 
0.51 min 020 min 


§ 


ZTiOin! oO {O|Dl> 


4.31 max -170 max 


5.08 max 200 max 
7.62 (TP) .300 (TP) 
7.35 289 


+0.10 + 004 
0.25 * 595 «010 * Oo 


N 0.25 010 


* Item K to center of leads 
when formed parallel. 


Alcj— 
* 


= ir 





49NR-€67B (11/91) 


18-Pin Cerdip (300-mil) 


Millimeters Inches 
22.86 max 900 max 
1.27 max 050 max 
2.54 [TP] .100[TP] 


+008 
0.46 + .05 018 * hp 





1.42 min 055 min 
3.50 +.30 138 +.012 


0.51 min .020 min 


3.95 156 
5.08 max -200 max 


el-jzi@{in| oO har it 2 
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Package Drawings 





18-Pin Plastic Leaded Chip Carrier 










Millimeters 





item 





13.4 + 0.2 


12.5 492 
7.4 291 


8.3 +0.2 





oO 1O|B} > 








3.71 + 0.15 
0.6 024 
35 +02 139 +008 


x= tO in| m 


2.4 +02 
0.8 min 




















1 
J 2.6 102 
K 1.27 (TP) 050 (TP) 
L 0.7 028 
M 0.40 + 0.10 016 * 004 
N 0.12 “005 
+ .008 
P 11.68 +020 460 * 008 
Q. 0415 006 
T 0.8 rad 031 rad 
+0.10 + .004 
u 020 +002 sone * 0 
+ 006 
v 1802015 = 071 +08 
W 6.60 + 0.20 


















em __Millimeters 

A 25.4 max 1.000 max 

B 1.27 max 050 max 

c 2.54 (TP) _.100 (TP) 

D 0.80 «0.10.00 * O08 

FF. 12min 047 min 

G 32203 126 = .012 

H 0.51 min 020 min 

14.31 max 170 max 

J 5.08 max 200 max 

K* 7.62 (TP) 300 (TP) 

L735 289 

m 0.25 *910 soto * 008 
“N02 O01 

P 1.0 min 039 min 
Lisp che peeing p sh \ 


0-15° 


4ONR-511B (11/81) 
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NEC 


20-Pin Cerdip (300-mil) 


item Millimeters 


25.4 max 
1.27 max 
2.54 

0.46 + 0.05 
1.42 min 
3.50 + 0.30 
0.51 min 
3.95 

5.08 max 
7.62 

7.32 


D 
F 
G 
H 
I 

J 

K 


0.25 + 0.05 


0.89 min 
0.25 


ajzi; = Jr 


Inches 
1.00 max 
.050 max 

100 
018 + 002 
.055 min 
138 +.012 
020 min 
156 
200 max 
300 
288 ee ee 


— fF : TT Tk 


20-Pin Plastic ZIP (350-mil) 


Millimeters 
26.67 max 
0.5 +01 
0.25 

2.54 

1.27 

1.27 max 


1.0 min 
8.9 max 


a 
3 


2.8 + 0.2 


10.16 max 


+0.10 
0.25 _ 0.05 


2.54 
3.3 + 0.5 


A 
F = 
G 
H 

I 

J 

K 
M 
N 
Q 
V 
Ww 
¥ 


010 
“100 

050 

050 max 
039 min 
350 max 
00-2 De 
400 max 





Package Drawings 








49NR-620B (9/91) 
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Package Drawings NV. E Cc 


20-Pin Ceramic Flatpack 





Millimeters 


+04 
126 _ 04 


+04 
98 ~ O14 


23.0 

06 

0.43 

1.27 

96 

0.13 

2.18 max 
1.14 max 


ot 
3 


B 
c 
D 
G 
H 
J 

K 
M 
p 
T 


ee 

! t 
eee 
fpeseeeeesa et is 
pe en ee 

M T 


3IFHG014B (7/80) 





22-Pin Plastic DIP (300-mil) 


Item Millimeters Inches 
27.94 max 1.100 max 
1.27 max .050 max 
2.54 (TP) 100 (TP) 

+ 004 
0.50 +0.10 020 ~ ‘005 


1.2 min 047 min 
3.2 +03 126 + 012 
0.51 min .020 min 
4.31 max 170 max 
5.08 max .200 max 
7.62 (TP) .300 (TP) 
7.35 289 


ose t00 oi0 tr AAA 
025 010 
0.9 min 035 _min | 


zla|n}| o jalal> 


t 
J 
K* 


Vl/2/ 5 [cr 


* Item K to center of leads 
when formed paraltel. 


49NA-614B (10/80) 
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N E c Package Drawings 


24-Pin Plastic DIP (300-mil) #1 





Millimeters inches 
30.48 max 1.200 max 
1.27 max .050 max 
2.54 (TP) -100 (TP) 


+ .004 
0.50 + 0.10 .020 — 005 


1.1 min .043 min 
3.2 +03 126 + .012 
0.51 min .020 min 
4.31 max -170 max 
5.08 max 200 max 
7.62 (TP) .300 (TP) 
7.35 .289 


+0.10 + .004 
025 9.05 19 _ ‘003 


0.25 .010 
0.9 min 


* Item K to center of leads 
when formed parallel. 


* 


A 
B 
Cc 
D 
F 
G 
H 
I 
J 
K 
L 
M 
N 
P 





P24C-100-SOOWA 49NFG90B (9/60) 


24-Pin Plastic DIP (300-mil) #2 


Item Miilimeters Inches 
33.02 max 1.300 max 
2.54 max 100 max 
2.54 (TP) .100 (TP) 
050 +0.10 020 +004 
1.2 min 047 min 
35 +03 138 + .012 


0.51 min .020 min 
4.31 max -170 max 





Gl—|LiIOin|) O jO|w|> 


5.08 max 200 max 
7.62 (TP) 300 (TP) 
6.4 252 


+0.10 + 004 
0.25 —0.05 010 ~ 003 


0.25 010 
1.0 min 039 min 


* Item K to center of leads 
when formed parallel. 





40NA-619B (11/89) 
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Package Drawings 





24-Pin Plastic DIP (400-mil) 


Millimeters Inches 
30.48 max 1. 200 max 


1.27 max 050 max 


2. 54 {TP} 100 [TP] 


Piz 
3 


+.004 
0.50 + 0.10 .020 — 005 


12min = .047 min 
3.2 + 0.3 126 + .012 
0.51 min 020 min — 
4. 31 max 170 max 

= s 08 max .200 max 
10.16 [TP] .400 [TP] 
8.6 339 


+0.10 +.004 
.25 0.05 010 _ ‘993 


0.25 010 


ZEzrRe-TH9 7) OD: 


Notes: 


[1] Each lead centerline is located ; 
within 0.25 mm [.010 inch] of its true wie 
position [TP] at maximum material 


coke. ob 


BIN @ | 


condition. BIN @ | 


. [2] Item “K” to center of leads when 
formed parallel. 
P24C-100-400A1 83-003627B 





N: KE Cc Package Drawings 


24-Pin Plastic DIP (600-mil) 


Millimeters Inches 
33.02 max 1.300 max 
2.54 max -100 max 
2.54 (TP) 100 (TP) 


+ .004 
0.50 + 0.10 020 * O68 


1.2 min .047 min 
35 +03 -138 + .012 
0.51 min .020 min 
4.31 max -170 max 
5.72 max .226 max 
15.24 (TP) 600 (TP) 
13.2 © 520 


+0.10 +004 
025 "0.05 919 _ ‘93 


0.25 010 


zl = [re [Ale |-|zlola} o O)m|> 18 





* Item K to center of leads 
when formed parallel. 


Lx] 


F 


0 Bi_n @) 


49NR-5028 (691) 





Package Drawings NV E Cc 


24-Pin Cerdip (300-mil) 


Item Millimeters Inches 
AD a __ 33.02 max 1.300 max 


B 2 2.54 max -100 max oS . 
2.54 [TP] -100 [TP] 








0.46+0.05 _.018 +.002__ 
1.42 min 055 min 
3.5403 138 + .012 








3.80 150 
5.08 max .200 max 
7.62 [TP] -300 [TP] 
7.32 288 














+.002 
0.25 + 0.05 -010 —003 


0.25 010 





Cc 

D 
ce 
G 
H 0.51 min -020 min 
I 

J 

K 

L 

M 

Pp 





P24DH-100-300A 





24-Pin Cerdip (400-mil) #1 


j 


Millimeters Inches 
33.02 max 1.300 max 
2.54 max -100 max 


2.54 (TP) __.100 (TP) 


+ .004 
0.50 +0.10 020 *y08 


1.20 min .047 min 
3.5 +0.3 188 + .012 
0.51 min 020 min 
3.80 -150 

5.08 max .200 max 
10.16 (TP) 400 (TP) 
9.70 882 


0.26 +0.05 .010 


0.25 .010 
P 0.89 min 035 min 


* Item K to center of leads 
when formed parallel. 


ZTIOin| O IO};wl|> 


* 


AK ihw | a 


+ 002 
~ 003 


L 
M 
N 





24 
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Package Drawings 





24-Pin Cerdip (400-mil) #2 


Millimeters 
33.02 max 


> 


Inches 
1.300 max 





2.54 max 


-100 max 





2.54 [TP] 


.100 [TP] 





0.50 + 0.10 


+.004 
020 — ‘005 





1.2 min 


.047 min 





3.5 + 0.3 


-138 + .012 





0.51 min 


.020 min 





3.80 


-150 





5.08 max 


-200 max 





10.16 [TP] 


400 [TP] 





9.70 


382 





0.25 + 0.05 


+.002 
-010 | 003 





B 
c 
D 
F 
G 
H 
! 
J 
K 
L 
M 
N 


0.89 min 


035 min 





Vv 


0.25 
Notes: 


“010 


(1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its 
true position [TP] at maximum 
material condition. 

[2] Item “K” to center of leads when 


formed parallel. 
P24DH-100-400A 


24-Pin Ceramic DIP (400-mil) 








Hem Millimeters 
33.02 max 
2. 54 max 
2, 54 54 [TP] 


0.46 + 0.05 — 


Inches 

1. 30 max 
100 max 
100 [TP] 


018 + 002 





4. 25 min 


.049 min 





3.504030 


138+ 012 





0. 51 min 


-020 min 





2.74 


108 





“4. 57 max 


180 max. 





10.16 (TP) 


400 (TP) 





10.0 


-394 





0.25 + 0.05 


oro 1-202 


003 — 





1.00 min 


~ 039 min 





~ 0.25 


Notes: 


{1] Each lead centerline is located 


-010 


within 0.25 mm [.010 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item “K” to center of leads when 
formed parallel. 





83-005012B 





(rergeeeap ees 1 


de en 
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Package Drawings NEC | 


24-Pin Plastic SOJ (300-mil) 





Item Millimeters 


+0.20 + .008 
B 16.13 | 9.95 635 


Cc 7.57 298 


+ .009 
8.47 + 0.20 333 = 008 


oO 


+ .006 
1.08 + 0.15 043 | 007 


0.6 024 
3.5 + 0.20 .138 + .008 


E 
F 
G 
H 


+ .009 
24 & 0.20 094° 008 
0.8 min .031 min 
26 102 

1.27(TP] O50 [TP] 

0.40 + 0.10 o16* Oe 
0.12 .005 
6.73 + 0.20 .265 + .008 
0.15 006 
R0.85 


+0.10 + .004 
0.20.. 0.05 008 "002 


Ric | 


Cc {jHlolulz{ = 





24/20-Pin Plastic TSOP I 


Item Milllmeters 
6.0 + 0.2 
0.45 max 


0.5 (TP) 
0.20 + 0.10 
1.02 max 


18.0 + 0.2 
14.4 +0.2 
0.8 + 0.2 


+0.10 
0.125 * O05 


0.5 +01 


. 0.08 
0.10 
16.0 + 0.2 
0.05 + 0.05 
1.1 max 





26° 


N: E C Package Drawings 


24-Pin Plastic SOP (Miniflat) (450-mil) 





Millimeters 
16.51 max 
1.27 max 
1.27 (TP) 


0.40 + 0.10 


+0.2 
0.1 94 


2.5 max 


2.00 


12.2 +03 


8.4 
1.9 


+0.10 
0.15 -0.05 


0.9 +0.2 
0.12 


49NR-513B (6/91) 





24-Pin Plastic ZIP (350-mil) 


Hem Niltimeters Inches 


31.75 max 1.250 max 


A 

p + .004 
F 0.5 20.1 020 _ ‘005 
G 


0.25 010 

2.54 .100 

1.27 .050 

1.27 max 050 max 

1.0 min 039 min 

8.9 max 850 max 
+ .009 





10.16 max 400 max 


oa oI te 


2.54 -100 
3.3 +0.5 3180 + .020 


003 


H 
i 
J 
K 
M 
N 2.8 +0.2 “110 = ‘one 
Q 
Vv 
Ww 
Y 


49NR-642B (11/89) 
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Package Drawings. 


24-Pin Plastic ZIP (425-mil) 


Millimeters 
31.75 max 


0.5 +0.1 


G0.25 
2.54 
1.27 
1.27 max 
1.0 min 
10.8 max 


> 


2.8 + 0.2 


12.07 max 


+0.10 
025 ~ 0.05 


2.54 
3.3 +05 


<(s|} < jo] 2 [z)xJc]-|zlo| a 


P24V-100-475A 


Inches 
1.250 max 
o20 + O08 

.010 
-100 
.050 
.050 max 
039 min 
425 max 


+ 009 
110 * os 


475 max 


+ 004 
010 * ‘003 


100 
130 + 020 


24-Pin Ceramic LCC 


Millimeters 
8.51 +0.4 





189 $0.2. 





5.14 
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BINA-81608 (10/91) 


83-003582B 





N E Cc Package Drawings 


24-Pin Ceramic Flatpack 


Millimeters Inches 
28.5+ 1.0 1.122 + .040 
“B96 7B 
“c. 96 38 | 
28.5 + 1.0 1.122 + .040 
1.62 064 


0.40.1 o1e* 00 


1.27 (TP) .050 (TP) 
9.45+1.0 372 +.040 


+0.10 +.004 
0.15795 006 "'o99 


0.25 .010 


its true position (TP) at maximum 


103 max 
(1) Each lead centerline Is located 
within 0.25 mm (0.010 inch) of 
material condition. 


stipe 
= 





X24B-127A1 
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Package Drawings NV. E C 


26/20-Pin Plastic SOJ (300-mil) 





item Nillimeters 


+0.2 


B 17.4 * O56 


C 7.57 
8.47 + 0.2 


1.08 + 0.15 


0.6 
3.5 +02 


2.4 +0.2 


| 0.8 min 

J 26 : 

K 1.27 (TP) 050 (TP) 
+ .004 


21 FRE ae eee 
0.40 + 0.10 016 7 O05 1 “+ U 
be 


M 
N 0.12 .005 
P* 6.73 + 0.20 .265 + .008 
Q 0.15 .006 
T 0.85 rad .033 rad 
U 


+0.10 +.004 
0.20 008 * "S55 


T 


- 0.05 


* Item P to center of leads. 
P26LA-5OA 49NR-G51B (9/91) 


26/20-Pin Plastic SOJ (350-mil) 


Item Millimeters Inches 


+0.2 + .008 
17.4 0 0.35 685 — 013 


B 
Cc 8.89 350 

D 9.78 + 0.2 385 + .008 

E 

F 

G 


+ .006 
1.08 + 0.15 043 * “O07 


0.6 024 


3.6 +0.2 142 * 008 


007 
H 2.45 +02 ogg * -009 
i 0.8 min 
J 27 
K 1.27 (TP) 050 (TP) 


0.40 20.10 016 * 008 


M 
N 0.12 005 
* + .008 
P 8.06 +020 317 + 008 
Q 0.15 006 
T 


0.85 rad 


+0.10 +004 
= 0.05 008 _ ‘002 


* Item P to center of leads. 
P26LB-350A 49NR-6738 (9/91) 


ae 
+ 


“Sy 
P 





U 0.20 
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N: KE Cc Package Drawings 


26/24-Pin Plastic SOJ (350-mil) 





Item Millimeters 


+02 
17.4 ~035 


8.89 
9.78 +02 


1.08 +0.15 
0.6 
36 +0.2 


245 +02 
0.8 min 


U 

J 27 : 
K 1.27 (TP) 050 (TP) 

M 0.40 +0.10 

N 0.12 


P* 8.06 + 0.20 
Q 0.15 
T 


* Item P to center of leads. 
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Package Drawings N. KE C 


26/20-Pin Plastic TSOP II (300-mil) 








Millimeters 
17.54 max 
1.18 max 
1.27 (TP) 
0.40 + 0.10 


0.05 + 0.05 
1.13 max 
1.0 

9.22 + 0.2 
7.62 + 0.1 


0.8 + 0.2 


+0.10 
0.14 * 0.05 


0.5 + 0.1 


0.21 
0.10 





zlzjr |x fe |-[zlola|m| o loja|>lF 


Enlarged detail 
of lead end 


Filey 


SONA-7496B (0/91) 


-28-Pin Plastic DIP (300-mil) #1 


Item _ Millimeters Inches 

35.56 max 1.400 max 

1.27 max .050 max 

2.54 (TP) 100 (TP) 

0.50 =0.10 020 * 0M 

1.2 min 047 min 14 


32 +03 126 = .012 [Kk | 


0.51 min 020 min 


ZjQln}| Oo |O;a|> 


4.31 max -170 max 
5.08 max .200 max 


Aljej— 


vizjzir 


* Item K to center of leads 
when formed parallel. 


=== Wu 


M 





49NA-6218 (11/60) 
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NV. io C Package Drawings 


28-Pin Plastic DIP (300-mil) #2 


Item Millimeters inches 
35.56 max 1.400 max 

1.27 max .050 max 
2.54 (TP) 100 (TP) 


+ 004 
0.50 +010 020 * ‘oo. 


1.2 min .047 min 
3.2 +03 126 + .012 
0.51 min .020 min 
4.31 max 170 max 
5.08 max .200 max 
7.62 (TP) 300 (TP) 


0.25 010 
1.0 min .039 min | 
alee 


A 
B 
Cc 
D 
F 
G 
H 
I 
J 
K* 
L 
M 
N 
P 


* Item K to center of leads B 
when formed parallel. 





83NR-7521B (12/00) 


28-Pin Plastic DIP (400-mil) 


Item Millimeters Inches 
35.56 max 1.400 max 

1.27 max .050 max 

2.54 (TP) -100 (TP) 


0.50 +0.10 .020 + 0% 


1.1 min 043 min 
3.5 +0.3 188 + .012 
0.51 min 020 min 
4.31 max -170 max 
5.72 max 226 max 
10.16 (TP) -400 (TP) 
8.6 .339 


+ 0.10 + .004 
0.25 0.05 .010 —.003 


0.25 .010 
0.9 min 085 min 


* Item K to center of leads 
when formed parailel. 


ZOA\n!| oOo /O;a\i> 


| 
J 
K 


wizl sir 


49NR-6228 (11/80) 
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Package Drawings 


28-Pin Plastic DIP (600-mil) 


item Millimeters Inches 


A 38.10 max 1.500 max 
B 2.54 max .100 max 
C 2.54 (TP) .100 (TP) 
D 0.50 20.10 020 * 008 
F 1.2 min 047 min 
G 36203 142 + .012 
H 0.51 min .020 min 
t 4.31 max -170 max 
J 5.72 max 226 max 
K* _18.24 (TP) 600 (TP) 
ok 13.2 520 
wos 78 on 2 
N 0.25 010 
* [tem K to center of leads 
when formed paralle). ~ 
Lk] 








| | 


“fl | \ 


, P28C-100-600A1 





i 









Mi 


F 


on @] 


49NR-514B (6/91) | 


KE Package Drawings 





28-Pin Cerdip (400-mil) #1 


Millimeters inches 

38.10 max 1.50 max 
2.54 max , 100 max 
2.54 {TP] 5 100 (TP} 











+.004 
0.50 + 0.10 .020 —005 


1.20 min .047 min 
3.504030 138+ .012 
0.51 min ~ 020 min 
4.00 157 
5.08 max ne -200 max 
10.16 [TP] .400 [TP] 


9.65 380 


+.002 _ 
0.25 + 0.05, oro +:002 


0.89 min .035 min 
0.25 010 
































[1] Each tead centerline is located 
within 0.25 mm [.010 inch] of its true 
position [TP] at maximum material 
condition. 

{2] Item “K” to center of leads when 
formed parallel. 


P28DH-100-400A : 83-0050158, 
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Package Drawings 


28-Pin Cerdip (400-mil) #2 


36 


Millimeters 
38.10 max 
2.54 max 
2.54 (TP) 
0.50 + 0.10 


1.20 min 
3.5 +0.3 
0.51 min 
4.00 

5.08 max 
10.16 (TP) 
9.65 


0.25 + 0.05 


0.25 
0.89 min 


wiz) = ir |Ajej—-|zloln} o o|n|>|F 


Inches 
1.500 max 
-100 max 
100 (TP) 


+ .004 
020 _ (005 


.047 min 
188 + .012 
020 min 
157 

.200 max 
400 (TP) 
380 


+ .002 
010 _ ‘903 


010 
035 min 


* Item K to center of leads 


when formed parallel. 


cs 
a 


NEC 





NV. KE Cc Package Drawings 


28-Pin Ceramic Flatpack 


Millimeters 
17.5 

9.84 

29.0 

0.50 

0.43 

1.27 [TP] 
9.58 


0.15 | 


2.18 max ‘ Hom be 
rr TN G 


item 
B 
Cc 
D 
G 
H 
J 
K 
M 
P 
T 


1.14 max 


M T 


B 
| aac! 
aE 0. 
ay 





28-Pin Plastic SOJ (300-mil) 


tte Millimeters Inches 


+0.2 + .008 
18.67 — 0.35 735 ~ ‘014 


7.57 298 


8.47 +0.2 333 * 009 


— .008 


+ 006 
1.08 + 0.15 043 * O07 


0.74 029 
35 +0.2 -138 + .008 


2.4 +02 094 * 008 


0.8 min 031 min 


l 
J 2.55 100 
K 


1.27 (TP) .050 (TP) 


M 040 +010 016 * 
N 0.12 

P* 6.73 +0.20 

Q o1 
ay amese TT ama Lk] 


+0.10 
U 0.20 _ 0.05 


* Item P to center of leads. 
P2BLA-3O0A 83NA-75208 (12/90) 
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Package Drawings N; E Cc 


28-Pin Plastic SOJ (400-mil) 





+0.20 


18.67 * 4 


10.16 
41.18 + 0.20 


1.08 + 0.15 
0.6 
3.5 +02 


x} @ inim 


2.4 +0.2 


0.8 min 
2.6 
1.27 (IP) 


0.40 + 0.10 
0.12 
9.40 + 0.20 


0.15 
0.85 rad 


+0.10 
0.20 * O65 


4/0/ T lz} = jale]— 


U 


* Item P to center of leads. 
P2BLA-400A-1 49NR-690B (1/92) 


Millimeters 


+0.20 
18.67 * 595 


10.16 
11.18 + 0.20 


1.08 + 0.15 
0.7 
3.5 +02 


zriOinim 


2.4 +0.2 
0.8 min 
2.6 

1.27 (TP) 
0.40 + 0.10 
0.12 

9.40 + 0.20 


0.15 
0.85 rad 


+0.10 
U 0.20 _ 905 


2) 3 jxAje|— 


2 
AjO} 


* Item P to center of leads. 
P2BLB-400A1 SANR-B169B (4/92) 
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N: KE Cc Package Drawings 


28-Pin Plastic TSOP Il (400-mil) 





Item Millimeters Inches 
18.81 max .741 max 
1.15 max .046 max 

1.27 (TP) .050 (TP) 
0.40 + 0.10 016 + .004 
0.05 + 0.05 .002 + .002 
1.10 max .044 max 
0.97 .038 
11.76 +0.2 463 + .008 
10.16 + 0.1 
0.8 +02 


+0.10 
0.14 — 0.05 


05 +0.1 


0.21 
0.10 


O}o|> 


D 
E 
F 
G 
H 
1 
J 
K 
L 
M 
N 


18.81 max -741 max 
1.15 max .045 max 


item Millimeters Inches 
oe 
B15 max 045 max 
Cc 1.27 (TP) 050 (TP) 
D 0.40 + 0.10 016 + .004 
E 0.05 + 0.05 002 + .002 
F 1.10 max .043 max 
G 0.97 038 
H 11.76 +0.2 .463 + .008 
u 10.16 +0.2 400 + .008 
J 08+02 .031 + .008 
K 
L 
M 
N 


0.125 $0.10 ogs + 008 


05 +0.1 020 + .004 


0.21 .008 
0.10 004 








Package Drawings 


28-Pin Plastic SOP (Miniflat) (450-mil) #1 


40 


Millimeters 
19.05 max 
1.27 max 
1.27 (TP) 


0.40 + 0.10 


+0.2 
0.1 94 


2.5 max 
2.00 


11.6 +038 


8.4 
1.7 


+ 0.10 
0.15 * 595 


0.7 +0.2 
0.12 


Millimeters 
19.05 max 
127 max 
1.27 (TP) 


0.40 + 0.10 


0.1.0.1 


3.0 max 
255 


11.8 +03 


84 
17 


+0.10 
0.15 * O65 


0.7 +02 
0.12 


NEC 


4ONR-6238 (12/91) 





N KE Cc Package Drawings 


28-Pin Plastic ZIP (350-mil) 


Millimeters Inches 
36.83 max 1.450 max 
05 20.1 020 * 004 
0.25 .010 

2.54 -100 

1.27 .050 

1.27 max .050 max 
1.0 min .039 min 


8.9 max .350 max 


+ .009 
2.8 +0.2 110 * “O08 


10.16 max 400 max 


+ 0.10 + .004 
0.25 * Oo, 010 5 


2.54 -100 
3.3 +05 -130 + .020 





<|$| < |o| z [z/xle}-|z]o| m |>18 





49NR-702B (4/92) 
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Package Drawings 


32-Pin Plastic DIP (300-mil) 


Millimeters Inches 
40.64 max 1.600 max 
1.27 max .050 max 
2.54 (TP) .100 (TP) 


+ .004 
0.50 +0.10 020 ~ ‘005 


1.2 min .047 min 
32+03 — -126 + .012 
051 min .020 min 
431 max 170 max 
5.08 max .200 max 
7.62 (TP) 300 (TP) 
7.25 285 


+0.10 + .004 
025 905 010 _ ‘o03 


0.25 01 
1.0 min 


* item K to center of leads 
when formed parallel. 


[x] 


A 


ZLyjoial, oOo [O;/a)|> 


Rice l— 
» 


owi2z| S&S [- 


Le] Bi» @) 
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N. EK C Package Drawings 


32-Pin Plastic DIP (600-mil) 





Item Millimeters Inches 
A 40.64 max 1.60 max 


B 1.27 max .0S0 max 
Cc 2.54 [IP] 100 [TP] 


+ .004 
D 0.50 + 0.10 020° ‘005 


F 1.1 min 043 min 

G 3.2 + 0.30 126 + .012 

H 0.51 min .020 min 

| 4.31 max -170 max 

J 5.08 max .200 max 

K 15.24 [TP] 600 [TP] 
13.2 520 

+0.10 

~ 0.05 

N 0.9 min 

P 0.25 


L 
+ .004 
M 0.25 010_ ‘003 





831H 58183 (9/89) 


32-Pin Ceramic DIP (600-mil) 


ftem —_‘Millimeters Inches 
43.053 + .127 1.7 +0.01 
14.99 + 254 59+ 0.10 
9.78 max 085 max 
0.254 + .127 010 + .005 
2.54 [TP] -100 [TP] 
0.508 + .127 02 + .005 
1.27 + .381 05+ .015 
10.287 max .405 max 





3.81 + .635 15 + .025 
0.254 + .076 01 + .003 
15.37 + .381 605 + .015 


Rlej-(XLiOmimMiojo|waly 





Package Drawings 


32-Pin Plastic (F R-4) DIP (600-mil) 


tem _Miflimeters Inches 
A 53.47 +0.13 2.105 + .005 

18.24 600 

2.54 [TP] -100 [TP] 
0.47 + 0.12 .019 + .005 

1.02 040 

5.84 max .230 max 

2.54 min -100 min 

762 300 

0.38 min .015 min 

0.28 + 0.08 .011 + .003 


B 
c 
D 
E 
F 
G 
H 
I 
J 


32-Pin Plastic SOJ (300-mil) 


Item Millimeters Inches 


+0.3 + te 


757 .298 
+ .009 
8.47 +0.2 333 ~ (008 


— .007 
0.74 029 
35 + 0.2 -138 + .008 


+ 009 
24 +02 094 —.008 


0.8 min .031 min 
2.55 -100 


1.27 (TP) 050 (TP) 
0.40 +0.10 ore * 008 


0.12 

6.73 + 0.20 
0.1 

0.85 rad 


vol) 


B 
Cc 
D 
E 1.08 + 0.15 04g * 006 
= 
G 
H 


Al|el— 


Cc lajo)°jz1 = 


* item P to center of leads. 
P32LA-GO0A 
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NEC 





B3NR-7544B (1/01) 


NV. KE C Package Drawings 


32-Pin Plastic SOJ (400-mil) #1 


Item Millimeters Inches 
21.01 + 0.15 827 + .006 
10.16 + 0.05 400 + .002 
11.18 + 0.10 440 + .004 
0.74 + 0.10 .029 + .004 
3.5 + 0.10 -138 + .004 
1.445 + 0.025 .057 + .001 
2.6 -102 

K 1.27 (TP) .050 (TP) 
L 0.955 +0.025  .038 
M 0.40 + 0.05 .016 
P* 9.40 +0.15 370 
T 0.85 +0.10 rad .033 
U=s-0.22 + 0.05 .009 


* Item P to center of leads. 





32-Pin Plastic SOJ (400-mil) #2 


Item _Millimeters Inches 


+ 0.20 + .008 
C1 Fl 955. eo O14 


10.16 400 

11.18 +0.20 440 + .008 
1.08 + 0.15 043 + .006 
0.6 024 

35 138 

2.545 + 0.2 

0.8 min 031 

26 102 

1.27 (TP) 050 

0.40 + 0.10 016 

9.40 + 0.20 370 


San PSP Sh ES ESET E: 
2 COE 
008 * Oo 


AO/DVIS/A[S HI LIQ; amigo 


Cc 


* Item P to center of leads. 
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Package Drawings 





32-Pin Plastic TSOP I #1 


Item Millimeters Inches 
8.0 + 0.05 315 + .002 
0.45 max .018 max 
0.5 + 0.08 020 + .003 
0.2 +0.1 008 + .004 
0.97 .038 
20 + 0.15 .787 + 006 
18.4 + 0.05 724 + .002 
0.8 + 0.1 031 + .004 
0.125 + 0.01 005 
0.5 020 
0.08 003 
0.1 004 
19.0 + 0.2 
0.08 + 0.08 
1.1 max 





O/OlLViZi Spr) Ale i-{Ti al ojol|aly 


Enlarged detail 
of lead end 


b fey 


Q 


32-pin Plastic TSOP I #2 


Item Milllmeters Inches 
8.2 max 323 max 
0.45 max 018 max 


0.5 (TP) 020 (TP) 


0.20 + 0.10 008 + .004 
1.05 041 
+ .009 


153 202 2 se 

13.7 539 

0.8 +02 not + 38 
+0.10 


0.125 * oo5 


0.5 +0.1 


0.08 

0.10 

14.3 +0.2 
0.05 + 0.05 
1.27 max 
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40NA-737B (11/61) 





Enlarged detail 
of lead end 





49NR-201B (11/91) 


N. EE C Package Drawings 


32-Pin Plastic TSOP Il (400-mil) 





ttem Millimeters Inches 
21.16 max 833 max 
1.06 max 042 max 

1.27 (TP) 050 (TP) 

0.40 + 0.10 .016 + .004 
0.05 + 0.05 002 + .002 
1.10 max “043 max 
0.97 .038 
11.76 + 0.2 
10.16 + 0.1 
0.8 + 0.2 


+0.10 
0.125 * 0.05 


OO; > 


05 +0.1 


Zi ry RK jowj—|LiOjnimio 


0.10 


Millimeters 
20.61 max 
0.78 max 
1.27 [TP] 


40.10 
0.40 5.05 


0.05 +0.05 
2.85 max 
2.7 

14.1 20.3 
11.3 

1.4 


40.10 
0.20_5.05 





ttem 
A 
B 
c 
D 
E 
F 
G 
H 
t 
J 
K 


0.8 +0.2 


0.12 
S22GM-50-625A-1 
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Package Drawings NEC 


32-Pin Surface Vertical Package (SVP) 


Hem Millimeters 
A 25.0 
=) 11.0 
Cc 0.5 
D 0.82 
E 4 
F 
G 
H 
{ 
J 
K 


. 24.10 
1.25 
3.80 
0.52 
0.90 
0.75 
0.65 


[> 


(ieeveoereveeornenornnevort 





36-Pin Plastic SOJ (400-mil) 


tem Milimeters Inches 
B 23.55 +0.15 927 + .006 
C 10.16 + 0.05 400 + .002 
D 11.18 + 0.10 440 + .004 
F 0.74 +0.10 029 + .004 
G 35 +0.10 -138 + 004 
H 1445 +0025 .057 + .001 
J 26 102 


L 0.955 +0.025  .0376 + .001 
M_ 0.40 + 0.05 0157 + .002 
P* 9.40 + 0.15 37 + 006 
T 085 +0.10 rad .033 + .004 rad 
U 0.22 + 0.05 009 + .002 

* Item P to center of leads. 





NV E C Package Drawings 


40-Pin Plastic DIP (600-mil) 





Millimeters Inches 
53.34 max 2.100 max 
15.24 [TP] 600 [TP] 
13.2 : 520 

5.72 max .225 max 
4.31 max -170 max 
3.6 +0.3 142 +.012 
2.54 max -100 max 
2.54 (TP 100 [TP’ 
1.2 min 047 min 
0.51 min 020 min 
0.50 +0.10 020 +.004 
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40-Pin Plastic ZIP (400-mil) 
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42-Pin Plastic SOJ (400-mil) 
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44-Pin Plastic SOJ (400-mil) 
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44/40-Pin Plastic TSOP Il (300-mil) 
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44-Pin Plastic TSOP Il (400-mil) #1 
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44-Pin Plastic TSOP Il (400-mil) #2 
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44-Pin Plastic TSOP If (400-mil) #3 
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50/44-Pin Plastic TSOP II (400-mil) 





PE eae ae Enlarged detall 
Item Nillimeters inches auams ae aenne of lead end 


21.45 max 844 max 

.1.06 max .042 max 
0.8 (TP) 031 (TP) 

0.30 + 0.10 .012 + .004 

0.05 + 0.05 .002 + .002 

1.10 max 043 max 

0.97 .038 

11.76 + 0.2 

10.16 + 0.1 

0.8 +0.2 


+0.10 
0.125 7 0.05 


0.5 +0.1 
0.10 


O}m > 


D 
E 
F 
G 
H 
! 

J 
K 


2\|r 





56 


N: KE Cc Package Drawings 


52-Pin Plastic LCC 
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64-Pin Plastic QFP 


item Millimeters inches 
A 236204 | 929+.016 ~ 


B 20.0 =0.2. 795 * 009 


+ os 
14.0 +02 551 ~ 008 


17.6 +0.4 ~ 693 + .016 
1.0 — .039 
1.0 .039 


+ 004 
0.40 + 0.10 016 * O05 


0.20 008 
1.0 (TP) 


18 +02 o71 +008 


0.8 + 0.2 | 031 _ ‘008 
+0.10 gg + 004 


0.15 -0.05 

0.15 .006 
27 -106 eee oe ; hi 
0.1 +0. ‘ ; Enlarged detail of lead end 
0.1 +01 : : 

3.0 max ; Pp 


— .003 


s 


P64GF-100-388, 3BE-1 








NEC 


Package Drawings 





68-Pin Plastic LCC 


Hem _ Millimeters 


A 
B 
Cc 
D 
E 


25.2 +0.2 
24.20 
24.20 
25.2 +0.2 


1.94 20.15 


0.40 +0.10 
0.12 
23.12 +0.20 


0.15 
0.8 radius 


+0.10 
0.20 "0.05 


016 +004 


Inches 


992 +.008 
953 
953 
-992 +.008 


+.007 
076 * 006 


024 


+.009 
173 _ 008 


110 +.009 


008 


.035 min 


005 


005 
910 +.009 


008 


006 
.031 radius 
008 +.004 


~.002 





au i IAAT 





(2/90) 
83YL-5661B 


59 





E 





Field Sales Offices 





Northern California Region 


4677 Old lronsides Dr. 
Suite 450 

Santa Clara, CA 95054 
TEL: 408-986-1020 
FAX: 408-988-4165 


Western Region 


One Embassy Centre 
9020 S.W. Washington 
Square Road 

Suite 400 

Tigard, OR 97223 
TEL: 503-671-0177 
FAX: 503-643-5911 


Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 

Encino, CA 91316 

TEL: 818-342-3112 
FAX: 818-342-0842 


200 E. Sandpointe 
Bldg. 8 

Suite 150 

Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 


14001 East lliff Avenue 
Suite 411 

Aurora, CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 


International 


Central Region 


1500 West Shure Drive 
Suite 250 

Arlington Heights, Il. 60004 
TEL: 708-577-9090 

FAX: 708-577-2147 


Auto Sales & Tech. Center 
Regent Court 

16800 Executive Plaza Drive 
Suite 143 

Dearborn, MI 48126 

TEL: 313-336-5225 

FAX: 313-336-7922 


201 W. Big Beaver Road 
Suite 350 

Troy, MI 48084 

TEL: 313-680-0506 
FAX: 313-680-1015 


7760 France Ave. South 
Suite 1015 
Minneapolis, MN 55435 
TEL: 612-844-0209 
FAX: 612-844-0509 


Central Region (cont) 


1105 Schrock Road 
Suite 515 

Columbus, OH 43229 
TEL: 614-436-1778 
FAX: 614-436-1769 


30050 Chagrin Blvd. 
Suite 120 

Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 


16475 Dallas Parkway 
Suite 380 

Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 


20515 SH 249 
Suite 440 

Houston, TX 77070 
TEL: 713-320-0524 
FAX: 713-320-0574 


Eastern Region 


901 Lake Destiny Drive 
Suite 320 

Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 


The Centre at Stirling 
and Palm 

9900 Stirling Road 
Suite 206 

Cooper City, FL 33024 
TEL: 305-436-8114 
FAX: 305-436-8116 


6625 The Corners Parkway 
Suite 250 

Norcross, GA 30092 

TEL: 404-447-4409 

FAX: 404-447-8228 


One Natick Executive Park 
Natick, MA 01760 

TEL: 508-650-4100 

FAX: 508-655-1605 


2000 Regency Parkway 
Suite 455 

Cary, NC 27511 

TEL: 919-460-1890 
FAX: 919-469-5926 


Eastern Region (cont) 


200 Perinton Hills 
Office Park 
Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 


300 Westage Business Center 
Suite 280 

Fishkill, NY 12524 

TEL: 914-897-2101 

FAX: 914-897-2215 


8 Neshaminy Interplex 
Suite 105 

Trevose, PA 19053 
TEL: 215-244-8196 
FAX: 215-244-9071 


One Windsor Plaza 
7535 Windsor Drive 
Suite B101 
Allentown, PA 18195 
TEL: 215-391-9094 
FAX: 215-391-9107 





EUROPE 


NEC Electronics 
European Headquarters 
Oberrather Str 4 

4000 Dusseldolf 30 
Germany 

TEL: 211-650301 

TWX; 8589960 

FAX: 211-6503327 


NEC Electronics 
(Benelux) 
Boschdijk 187A 
NL-5612 Eindhoven 
Netherlands 

TEL: 40-455-845 
TLX: 51923 

FAX: 40-444-580 


NEC Electronics (Germany) 
GmbH 
Headquarters 


Kanzlerstr. 2. 

4000 Dusseldorf 30 Germany 
TEL: 211-650302 

TLK: 858996-0 

FAX: 211-6503490 


EUROPE (cont) 


Hannover Office 
Koenigstr 12 
3000 Hannover 1 
Germany 

TEL: 511-316091 
TLK: 9230109 
FAX: 511-3481703 


Munich Office 
Arabellastr 17 
8000 Munchen 81 
Germany 

TEL: 89-9210030 
TLK: 522971 

FAX: 89-92100315 


Suttgart Office 
Heibornnerstr. 314 
7000 Stuttgart 30 
Germany 

TEL: 711-890910 
TLK: 7252220 
FAX: 711-8909119 


EUROPE (cont) 


NEC Electronics 
(Scandinavia) 
Svardvagen 25B 
$-182 33 Danderyd 
Sweden 

TEL: 8-753-6020 
TLX: 13839 

FAX: 8-755-3506 


NEC Electronics (UK) Ltd. 
Headquarters 

Cygnus House Sunrise 
Park Way 

Milton Keynes MK14 6NP 
United Kingdom 

TEL: 908-691133 

TLK; 826791. 

FAX: 908-670290 


Dublin Office 

34/35, South William Street 
Dublin 2, Ireland 

TEL: 1-679-4200 

FAX: 1-679-4081 


Motherwell Office 
Block 3 Carifin 
Industrial Estate 
Motherwell ML1 4UL 
Scotland 

United Kingdom 
TEL: 698-732221 
TLK: 777565 

FAX: 698-833868 


EUROPE (cont) 


NEC Electronics 
(France) S.A. 

9, rue Paul Dautier-BP187 
78142 Velizy-Villacoublay 
Cedex, France 

TEL: 1-3067-5800 

TLX: 699499 

FAX: 1-3946-3663 


Madrid Office 

Juan Esplandiu 15 
28007 Madrid, Spain 
TEL: 1-504-2787 
TLX: 41316 

FAX: 1-504-2860 


NEC Electronics 
Kaliana s.r. 

Via Fabio Filzi 25/A 
20124 Milano, Italy 
TEL: 2-6709108 
TLX: 315355 

FAX: 2-66981329 


ASIA 


NEC Electronics 
Hong Kong Limited 
12th Floor, City Plaza 4 
12 Taikoo Wan Road, 
Hong Kong 

TEL: 866-9318 

FAX: 886-9022 


ASIA (cont) 


Seoul Branch 

Room 501, Korea Air Terminal 
Bldg. 159-1 

Samsung-Dong, Kangnam-Ku 
Seoul, the Republic of Korea 
TEL: 2-551-0450 

FAX: 2-551-0451 


NEC Electronics Taiwan Ltd. 


7F. NO. 363 Fu Shing North 
Road 

Taipei, Taiwan 

TEL: 2-719-2370 

TLX: 22372 

FAX: 2-719-5951 


NEC Electronics 
Singapore Pte. Ltd. 


101 Thomson Road 
#04-02/05 

United Square, 
Singapore 1130 
TEL: 253-8311 
FAX: 250-3583 


NEC 


NEC Electronics Inc. 
CORPORATE HEADQUARTERS 
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